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ff*l lapping clinical characteristics with several forms of inherited abnormal expression and/or function of the Multi Drug Resistance-! 
QO (MDR - 1 ) gene. In particular, polynucleotides of molecular variant MDR-1 genes which, for example, are associated with unsufficient 
and/or altered uptake of drugs by a target cell, and vectors comprising such polynucleotides are provided. Furthermore, host cells 
comprising such polynucleotides or vectors and their use for the production of variant MDR-1 proteins are described. In addition, 
variant MDR- 1 proteins and antibodies specifically recognizing such proteins as well as concerns transgenic non-human animals 
comprising the above-described polynucleotide or vectors are provided. Described are also methods for identifying and obtaining 
inhibitors for therapy of disorders related to the malfunction of the MDR- 1 gene as well as methods of diagnosing the status of such 
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ies and inhibitors by the above-described method are provided. Said compositions are particularly useful for diagnosing and treating 
various diseases with drugs that are substrates, inhibitors or modulators of the MDR-1 gene product. 
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Title of the invention 

Polymorphisms in the human MDR-1 gene and their use in diagnostic and 

therapeutic applications 

Field of the invention 

The present invention relates generally to means and methods of diagnosing and 
treating the phenotypic spectrum as well as the overlapping clinical characteristics 
with several forms of inherited abnormal expression and/or function of the Multi Drug 
Resistance-1 (MDR-1) gene. In particular, the present invention relates to 
polynucleotides of molecular variant MDR-1 genes which, for example, are 
associated with unsufficient and/or altered uptake of drugs by a target cell, and to 
vectors comprising such polynucleotides. Furthermore, the present invention relates 
to host cells comprising such polynucleotides or vectors and their use for the 
production of variant MDR-1 proteins, in addition, the present invention relates to 
variant MDR-1 proteins and antibodies specifically recognizing such proteins. The 
present invention also concerns transgenic non-human animals comprising the 
above-described polynucleotide or vectors. Moreover, the present invention relates to 
methods for identifying and obtaining drug candidates and inhibitors for therapy of 
disorders related to the malfunction of the MDR-1 gene as well as to methods of 
diagnosing the status of such disorders. The present invention furthermore provides 
pharmaceutical and diagnostic compositions comprising the above-described 
polynucleotides, vectors, proteins, antibodies and drugs and inhibitors obtainable by 
the above-described method. Said compositions are particularly useful for diagnosing 
and treating various diseases with drugs that are substrates, inhibitors or modulators 
of the MDR-1 gene or its product. 
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Several documents are cited throughout the text of this specification. Each of the 
documents cited herein (including any manufacturer's specifications, instructions, 
etc.) are hereby incorporated herein by reference; however, there is no admission 
that any document cited is indeed prior art as to the present invention. 

Background of the invention 

The human MDR-1 gene encodes an integral membrane protein whose function is 
the energy dependent transport of different substances from the inside of cells and 
cell membranes to the outside of the cell. While the normal physiological function of 
MDR-1 is most likely the protection of cells from toxic substances, it is also known 
that many substrates of the MDR-1 transporter are drugs that have been developed 
for the treatment of human diseases. Because of that, the degree of expression and 
the functionality of the MDR-1 gene product can directly affect the effectiveness of 
any drug that serves as a substrate of MDR-1. For example, it is well known that the 
expression levels, and hence the degree of the function of MDR-1 , directly affects the 
effectiveness of anti-tumor drugs in cancer therapy. In fact, the gene name "MDR" 
stands for Multi-Drug-Resistance, reflecting the observance that the protein encoded 
by this gene causes cancer cells to become refractory to the treatment with many 
drugs, all of which are substrates of the MDR-1 transporter. 

The MDR-1 gene is expressed not only on certain cancer cells where it may directly 
affect the therapeutic effectiveness of drugs by providing a protective barrier against 
drug entry, but also on different non-malignant cells in various organs, e.g. in the 
colon and at the blood brain barrier. Also in these cells MDR-1 can affect the activity 
and availability of drugs. For example, MDR-1 in colon can control or modulate the 
degree of drug uptake from the colon following oral drug intake. MDR-1 at the blood- 
brain barrier may also influence or control the degree to which MDR-1 substrates can 
be taken up into the brain. Here, elevated MDR-1 activity may prevent the uptake of 
sufficient amounts of desired brain-drugs into the brain, or vice versa, MDR-1 
variants with reduced activity towards certain drugs might lead to abnormally 
increased accumulation in the brain, leading to undesired or even dangerous drug 
side effects. 

The common factor that controls MDR-1 dependent transport in malignant as well as 
normal cells and tissues is the activity of MDR-1. The MDR-1 activity in turn is 
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dependent (i) on the levels of expression of the MDR-1 gene which determines the 
amount of MDR-1 protein that is synthesized in the cells, and (ii) on the functionality 
of the synthesized MDR-1 protein, i.e. which substrates are recognized and 
transported out of the cell with which effectiveness. 

The first of these parameter, the level of expression of MDR-1 , has been intensively 
analyzed, particularly because the sensitivity of tumor cells towards cancer 
chemotherapy often correlates inversely with upregulation of MDR-expression: high 
MDR-1 expression correlates often with unsufficient effectiveness of cancer 
chemotherapy. Although the observed MDR-1 overexpression can partially be 
attributed to MDR-1 gene amplifications, it is known that other so far undetermined 
reasons must also exist, among them possibly allelic differences. Small differences in 
the MDR-1 gene sequences in individuals may be causative for different levels of 
MDR-1 gene expression. Target regions in the human genome where sequence 
differences might exist that directly influence MDR-1 gene expression would be the 
control regions of gene expression: the promoter and enhancer regions of MDR-1 
and regions that influence the mode or efficacy of splicing of MDR-1 pre-mRNAs, In 
addition, expression levels may be influenced by structural changes in the genome, 
such as methylation, general chromatin alterations and other factors that are linked to 
MDR-1, in the region directly at or surrounding the MDR-1 gene. It is very difficult to 
directly find such linked factors or sequences and prove their mechanism of gene 
activation or repression. However, the linear structure of the human genome on 
defined chromosomes opens the possibility to utilize identified polymorphisms, which 
by themselves are not directly influencing expression levels of genes, as marker for 
other so far unidentified changes in and around the MDR-1 gene that affect the 
expression levels. This effect is known as linkage: defined alleles and base variations 
can serve as a marker for an important phenotype even if these changes by 
themselves are not causative for that phenotype. 

The second parameter, the functionality of the synthesized MDR-1 protein, i.e. which 
substrates are recognized and transported out of the cell with which effectiveness, is 
predominantly determined by the amino acid sequence of the protein that is encoded 
by the MDR-1 allele. It is well known that amino acid changes may alter the 
functionality of proteins. Examples for naturally occurring variations, i.e. different 
alleles that have a direct impact on the actions of various drugs are, e.g., cytochrome 



WO 01/09183 



4 



PCT/EP00/07314 



P450 polymorphisms, or polymorphisms in TPMT, APOE, and a variety of other 
genes. Also, tumor related variations, e.g., in the p53 gene are known to mediate 
such phenotypes. So far only some polymorphism in the MDR-1 gene have been 
described, and been correlated with clinical effects (Mickley, Blood 91 (1998), 1749- 
1756). A major question remains in this field whether more of such polymorphisms 
exist and, if so, whether these can be correlated with drug activity and/or drug side 
effects. Experiments with artificially introduced mutations in the. MDR-1 gene show 
unambiguously that MDR-1 reacts quite sensitive to amino acid exchanges. It has 
been shown that artificial mutations in the MDR-1 gene that translate into protein 
changes can alter the substrate spectrum, effectiveness of substrate transport, 
control of transport, and also the sensitivity of MDR-1 towards inhibition with specific 
inhibitory substances. It is clear that naturally occurring mutations, if they exist can 
have similar effects. It is unknown, however, how many of such variations exist, and 
with what frequency and at what positions in the human MDR-1 gene. 
Accordingly, means and methods for diagnosing and treating a variety of forms of 
multidrug resistance which result from MDR-1 gene polymorphisms, and sensitivity 
interfering, e.g., with chemotherapeutic treatment of diseases, in particular cancer, 
was hitherto not available but are nevertheless highly desirable. 

Thus, the technical problem of the present invention is to comply with the needs 
described above. 

The solution to this technical problem is achieved by providing the embodiments 
characterized in the claims. 

Summary of the Invention 

The present invention is based on the finding of novel, so far unknown variations in 
the nucleotide sequences of the human MDR-1 (Multi Drug Resistance) gene and the 
population distribution of these alleles. Based upon the knowledge of these novel 
sequences and MDR-1 gene base deviations, diagnostic tests and reagents for such 
tests were designed for the specific detection and genotyping of MDR-1 alleles in 
humans, including homozygous as well as heterozygous, frequent as well as rare 
alleles of the MDR-1 gene. The determination of the MDR-1 gene allele status of 
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humans with such tests is useful for the therapy of various diseases with drugs that 
are substrates, inhibitors or modulators of the MDR-1 gene product 
In a first embodiment, the invention provides polynucleotides of molecular variant 
MDR-1 genes and embodiments related thereto such as vectors, host cells, variant 
MDR-1 proteins and methods for producing the same. 

In yet another embodiment, the invention provides methods for identifying and 
obtaining drug candidates and inhibitors of MDR-1 for therapy of disorders related to 
acquired multidrug resistance or sensitivity as well as methods of diagnosing the 
status of such disorders. 

In a further embodiment, the invention provides pharmaceutical and diagnostic 
compositions comprising the above-described polynucleotides, vectors containing the 
same, proteins, antibodies thereto and drugs and inhibitors obtainable by the above- 
described method. 

The pharmaceutical and diagnostic compositions, methods and uses of the invention 
are useful for the diagnosis and treatment of inherited drug resistance in tumors and 
other diseases the therapy of which is dependent on drug treatment. The novel 
variant forms of MDR-1 genes according to the invention provide the potential for the 
development of a pharmacodynamic profile of drugs and prodrugs for a given patient 

Description of the invention 

The finding and characterization of variations in the MDR-1 gene, and diagnostic 
tests for the discrimination of different MDR-1 alleles in human individuals provide a 
very potent tool for improving the therapy of diseases with drugs that are targets of 
the MDR-1 gene product, and whose cellular uptake is therefore dependent on MDR- 
1. The diagnosis of the individual allelic MDR-1 status permits a more focused 
therapy, e.g., by opening the possibility to apply individual dose regimens of drugs. It 
may also be useful as prognostic tool for therapy outcome, certainly an improved 
approach over the use of general MDR-expression as prognostic maker. 
Furthermore, diagnostic tests to genotype MDR-1, and novel MDR-1 variants, will not 
only improve therapy established drugs and help to correlate genotypes with drug 
activity or side effects. These tests and sequences also provide reagents for the 
development of novel inhibitors that specifically modulate the activity of the individual 
types of MDR-1. The feasibility to use specific inhibitors of individual (artificially 
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created) MDR-variants, and their potential therapeutic application, has, for example, 
recently been demonstrated in a model system (Moscow J. A. et al. } Blood 94 (1999), 
52-61 ; Dey S. et al., Biochemistry 38 (1999), 6630-6639). 

Thus, the present invention provides a novel way to exploit molecular biology and 
pharmalogical research for drug therapy while bypassing their potential detrimental 
effects which are due to expression of variant MDR-1 genes. 

Accordingly, the invention relates to a polynucleotide selected from the group 
consisting of: 

(a) a polynucleotide having the nucleic acid sequence of any one of SEQ ID NOs: 
73, 74, 79, 80, 85, 86, 91, 92, 97, 98, 101, 106, 107, 112, 113, 116, 119, 122, 
154, 155, 160, 161, 166, 167, 172, 173, 178, 179, 184, 185, 190, 191, 196, 
197, 202, 203, 208, 209, 214, 215, 220, 221, 226, 227, 232, 233, 238, 239, 
244, 245, 250, 251, 256, 257, 262, 263, 268, 269, 274, 275, 280, 281, 286, 
287, 292, 293, 298, 299, 304, 305, 310, 311, 316, 317, 322, 323, 328, 329, 
334, 335, 340, 341 , 346, 347, 352, 353, 358, 359, 364, 365, 370, 371 or 376; 

(b) a polynucleotide encoding a polypeptide having the amino acid sequence of 
any one of SEQ ID NOs: 372, 373 374 or 375; 

(c) a polynucleotide encoding a molecular variant Multi Drug Resistance (MDR)-1 
polypeptide, wherein said polynucleotide is having at a position corresponding 
to position 140837, 141530, 141590, 171466, 171512 or 175068 of the MDR-1 
gene (Accession No: AC002457), at a position corresponding to position 101 
or 308 of the MDR-1 gene (Accession No: M29432 or J05168), at a position 
corresponding to position 83946 of the MDR-1 gene (Accession No: 
AC005068), at a position corresponding to position 78170 of the MDR-1 gene 
(Accession No: AC005068), at a position corresponding to position 176 of the 
MDR-1 gene (Accession No: M29445 or J05168), at a position corresponding 
to position 171456, 171404 or 175074 of the MDR-1 gene (Accession No: 
AC002457), at a position corresponding to position 77811 of the MDR-1 gene 
(Accession No: AC005068) or at a position corresponding to position 137 of 
the MDR-1 gene (Accession No: M29445 or J05168) a nucleotide exchange, a 
nucleotide deletion, an additional nucleotide or an additional nucleotide and a 
nucleotide exchange; 
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(d) a polynucleotide encoding a molecular variant MDR-1 polypeptide, wherein 
said polynucleotide is having at a position corresponding to position 140837, 
171512, 171456, 171404, 139119, 139619, 140490 or 171511 of the MDR-1 
gene (Accession No: AC002457) a C, at a position corresponding to position 
141530, 139177, 139479, 140118, 140568, 140727 or 174901 of the MDR-1 
gene (Accession No: AC002457) a A, at a position corresponding to position 
141590, 139015, 140216, 140595, 175142 or 175180 of the MDR-1 gene 
(Accession No: AC002457) a G, at a position corresponding to position 
171466, 175068, 175074, 139064, 139276, 140576 or 145984 of the MDR-1 
gene (Accession No: AC002457) a T, at a position corresponding to position 
101 of the MDR-1 gene (Accession No: M29432 or J05168) a A, at a position 
corresponding to position 308 of the MDR-1 gene (Accession No: M29432 or 
J05168) a T, at a position corresponding to position 83946, 78170, 70237 or 
70200 of the MDR-1 gene (Accession No: AC005068) a T, at a position 
corresponding to position 77811, 84032 or 73252 of the MDR-1 gene 
(Accession No: AC005068) a G, at a position corresponding to position 84701 , 
84074, 84119, 83973, 70371, 70253, 70204 or 43162 of the MDR-1 gene 
(Accession No: AC005068) a A, at a position corresponding to position 43263 
of the MDR-1 gene (Accession No: AC005068) a C or at a position 
corresponding to position 176 or 137 of the MDR-1 gene (Accession No: 
M29445or J05168) aT; 

(e) a polynucleotide encoding a molecular variant MDR-1 peptide, wherein said 
polypeptide comprises an amino acid substitution at position 21 , 103 or 400 of 
the MDR-1 polypeptide (Accession No: P08183); and 

(f) a polynucleotide encoding a molecular variant MDR-1 polypeptide, wherein 
said polypeptide comprises an amino acid substitution of N to D at position 21, 
F to S at position 103, F to L at position 103 or S to N at position 400 of the 
MDR-1 polypeptide (Accession No: P08183). 

In the context of the present invention the term "molecular variant" MDR-1 gene or 
protein as used herein means that said MDR-1 gene or protein differs from the wild 
type MDR-1 gene or protein (Genomic sequences of the MDR-1 gene are described, 
for examples, for exons 1-7: Accession number AC002457; for exon 8: Accession 
number M29429, J05168, AC005068; for exon 9: Accession number M29430, 
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J05168, AC005068; for exon 10: Accession number M29431, J05168, AC005068; for 
exon 11 to 13: Accession number M29432, J05168 and AC005068; for exon 14: 
Accession number M29433, J05168, AC005068; for exon 15: Accession number 
M29434, J05168, AC005068; for exon 16: Accession number M29435, J05168, 
AC005068; for exon 17: Accession number M29436, JOS 168, AC005068; for exon 
18: Accession number M29437, J05168, AC005068; for exon 19: Accession number 
M29438, J05168, AC005068; for exon 20: Accession number M29439, J05168, 
AC005068; for exon 21: Accession number M29440, J05168, AC005068; for exon 
22: Accession number M29441, J05168, AC005068; for exon 23: Accession number 
M29442, J05168, AC005068; for exon 24: Accession number M29443, J05168, 
AC005068; for exon 25: Accession number M29444, J05168, AC005068; for exon 
26: Accession number M29445, J05168, AF016535, AC005068; for exon 27: 
Accession number M29446, J05168, AC005068; for exon 28: Accession number 
M29447, J05168, AC005068) by way of nucleotide substitution(s), addition(s) and/or 
deietion(s). Preferably, said nucleotide substitution(s) result(s) in a corresponding 
change in the amino acid sequence of the MDR-1 protein. 

The term "corresponding" as used herein means that a position is not only 
determined by the number of the preceding nucleotides and amino acids, 
respectively. The position of a given nucleotide or amino acid in accordance with the 
present invention which may be deleted, substituted or comprise one or more 
additional nucleotide(s) may vary due to deletions or additional nucleotides or amino 
acids elsewhere in the gene or the polypeptide. Thus, under a "corresponding 
position" in accordance with the present invention it is to be understood that 
nucleotides or amino acids may differ in the indicated number but may still have 
similar neighboring nucleotides or amino acids. Said nucleotides or amino acids 
which may be exchanged, deleted or comprise additional nucleotides or amino acids 
are also comprised by the term "corresponding position". Said nucleotides or amino 
acids may for instance together with their neighbors form sequences which may be 
involved in the regulation of gene expression, stability of the corresponding RNA or 
RNA editing, as well as encode functional domains or motifs of the protein of the 
invention. 
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In accordance with the present invention, the mode and population distribution of 
novel so far unidentified genetic variations in the MDR-1 gene have been analyzed 
by sequence analysis of relevant regions of the human MDR-1 gene from many 
different individuals. It is a well known fact that genomic DNA of individuals, which 
harbor the individual genetic makeup of all genes, including MDR-1 can easily be 
purified from individual blood samples. These individual DNA samples are then used 
for the analysis of the sequence composition of the MDR-1 gene alleles that are 
present in the individual which provided the blood sample. The sequence analysis 
was carried out by PGR amplification of relevant regions of the MDR-1 gene, 
subsequent purification of the PCR products, followed by automated DNA 
sequencing with established methods (ABI dyeterminator cycle sequencing). 
One important parameter that had to be considered in the attempt to determine the 
individual MDR-1 genotype and identify novel MDR-1 variants by direct DNA- 
sequencing of PCR-products from human blood genomic DNA is the fact that each 
human harbors (usually, with very few abnormal exceptions) two gene copies of each 
autosomal gene (diploidy). Because of that, great care had to be taken in the 
evaluation of the sequences to be able to identify unambiguously not only 
homozygous sequence variations but also heterozygous variations. The details of the 
different steps in the identification and characterization of novel MDR-1 gene 
polymorphisms (homozygous and heterozygous) are described in the examples 1 
and 2 below. 

The mutations in the MDR-1 gene detected in accordance with the present invention 
are illustrated in Figure 2 (indicated by an arrow). The methods of the mutation 
analysis followed standard protocols and are described in detail in the examples. In 
general such methods to be used in accordance with the present invention for 
evaluating the phenotypic spectrum as well as the overlapping clinical characteristics 
with other forms of multidrug resistance and altered tolerance to drugs in patients 
with mutations m the MDR-1 gene encompass for example haplotype analysis, 
single-strand conformation polymorphism analysis (SSCA), PCR and direct 
sequencing; see also Mickley (1998), and references cited therein. On the basis of 
thorough clinical characterization of many patients the phenotypes can then be 
correlated to these mutations as well as to mutations that had been described earlier. 



WO 01/09183 



10 



PCT/EP00/07314 



As is evident to the person skilled in the art this new molecular genetic knowledge 
can now be used to exactly characterize the genotype of the index patient where a 
given drug takes an unusual effect and of his family. 

Over the past 20 years, genetic heterogeneity has been increasingly recognized as a 
significant source of variation in drug response. Many scientific communications 
(Meyer, Ann. Rev. Pharmacol. Toxicol. 37 (1997), 269-296 and West, J. Clin. 
Pharmacol. 37 (1997), 635-648) have clearly shown that some drugs work better or 
may even be highly toxic in some patients than in others and that these variations in 
patient's responses to drugs can be related to molecular basis. This 
"pharmacogenomic" concept spots correlations between responses to drugs and 
genetic profiles of patient's (Marshall, Nature Biotechnology, 15 (1997), 954-957; 
Marshall, Nature Biotechnology, 15 (1997), 1249-1252). 

In this context of population variability with regard to drug therapy, 
pharmacogenomics has been proposed as a tool useful in the identification and 
selection of patients which can respond to a particular drug without side effects. This 
identification/selection can be based upon molecular diagnosis of genetic 
polymorphisms by genotyping DNA from leukocytes in the blood of patient, for 
example, and characterization of disease (Bertz, Clin. Pharmacokinet. 32 (1997), 
210-256; Engel, J. Chromatogra. B. Biomed. Appl. 678 (1996), 93-103). For the 
founders of health care, such as health maintenance organizations in the US and 
government public health services in many European countries, this 
pharmacogenomics approach can represent a way of both improving health care and 
reducing overheads because there is a large cost to unnecessary drugs, ineffective 
drugs and drugs with side effects. 

The mutations in. the variant MDR-1 genes sometime result in amino acid deletion(s), 
insertion(s) and in particular in substitution(s) either alone or in combination. It is of 
course also possible to genetically engineer such mutations in wild type genes or 
other mutant forms. Methods for introducing such modifications in the DNA sequence 
of MDR-1 gene are well known to the person skilled in the art; see, e.g., Sambrook, 
Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory (1989) N.Y. 
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In a preferred embodiment of the invention, the above described polynucleotide 
encodes a variant MDR-1 protein or fragment thereof, e.g., comprising one or more 
epitopes of the amino acid sequence encoded by SEQ ID NOs: 85, 97, 106 or 274. 

For the investigation of the nature of the alterations in the amino acid sequence of 
the MDR-1 protein computer programs may be used such as BRASMOL that are 
obtainable from the Internet. Furthermore, folding simulations and computer redesign 
of structural motifs can be performed using other appropriate computer programs 
(Olszewski, Proteins 25 (1996), 286-299; Hoffman, Comput. Appl. Biosci. 11 (1995), 
675-679). Computers can be used for the conformational and energetic analysis of 
detailed protein models (Monge, J. MoL Biol. 247 (1995), 995-1012; Renouf, Adv. 
Exp. Med. Biol. 376 (1995), 37-45). These analysis can be used for the identification 
of the influence of a particular mutation on binding and/or transport of drugs. 

Usually, said amino acid deletion, addition or substitution in the amino acid sequence 
of the protein encoded by the polynucleotide of the invention is due to one or more 
nucleotide substitution, insertion or deletion, or any combinations thereof. Preferably 
said nucleotide substitution, insertion or deletion results in an amino acid substitution 
of Asn21 to Asp in exon 2, Phe103 to Ser or Leu in exon 5 and/or Ser400 to Asn in 
exon 1 1 of the MDR-1 gene. 

The polynucleotide of the invention may further comprise at least one nucleotide and 
optionally amino acid deletion, addition and/or substitution other than those specified 
hereinabove, for example those described in the prior art; e.g., Mickley (1998). This 
embodiment of the present invention allows the study of synergistic effects of the 
mutations in the MDR-1 gene on the pharmalogical profile of drugs in patients who 
bear such mutant forms of the gene or similar mutant forms that can be mimicked by 
the above described proteins. It is expected that the analysis of said synergistic 
effects provides deeper insights into the onset of multidrug resistant phenotypes of 
certain forms of cancer. From said deeper insight the development of diagnostic and 
pharmaceutical compositions related to cancer will greatly benefit. 

Thus, in a preferred embodiment, the present invention relates to polynucleotides of 
molecular variant MDR-1 genes, wherein the nucleotide deletion, addition and/or 
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substitution result in altered expression of the variant MDR-1 gene compared to the 
corresponding wild type gene. 

The polynucleotide of the invention may be, e.g., DNA, cDNA, genomic DNA, RNA or 
synthetically produced DNA or RNA or a recombinant^ produced chimeric nucleic 
acid molecule comprising any of those polynucleotides either alone or in 
combination. Preferably said polynucleotide is part of a vector, particularly plasmids, 
cosmids, viruses and bacteriophages used conventionally in genetic engineering that 
comprise a polynucleotide of the invention. Such vectors may comprise further genes 
such as marker genes which allow for the selection of said vector in a suitable host 
cell and under suitable conditions. 

In a further preferred embodiment of the vector of the invention, the polynucleotide of 
the invention is operatively linked to expression control sequences allowing 
expression in prokaryotic or eukaryotic ceils. Expression of said polynucleotide 
comprises transcription of the polynucleotide, preferably into a translatable mRNA. 
Regulatory elements ensuring expression in eukaryotic cells, preferably mammalian 
cells, are well known to those skilled in the art. They usually comprise regulatory 
sequences ensuring initiation of transcription and optionally poly-A signals ensuring 
termination of transcription and stabilization of the transcript. Additional regulatory 
elements may include transcriptional as well as translations enhancers. Possible 
regulatory elements permitting expression in prokaryotic host cells comprise, e.g., the 
lac, trp or tac promoter in £. col'u and examples for regulatory elements permitting 
expression in eukaryotic host cells are the AOX1 or GAL1 promoter in yeast or the 
CMV-, SV40- , RSV-promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhancer 
or a globin intron in mammalian and other animal cells. Beside elements which are 
responsible for the initiation of transcription such regulatory elements may also 
comprise transcription termination signals, such as the SV40-poly-A site or the tk- 
poly-A site, downstream of the polynucleotide. In this context, suitable expression 
vectors are known in the art such as Okayama-Berg cDNA expression vector pcDV1 
(Pharmacia), pCDM8, pRc/CMV, pcDNAI , pcDNA3 (In-vitrogene), pSPORTI 
(GIBCO BRL). Preferably, said vector is an expression vector and/or a gene transfer 
or targeting vector. Expression vectors derived from viruses such as retroviruses, 
vaccinia virus, adeno-associated virus, herpes viruses, or bovine papilloma virus, 
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may be used for delivery of the polynucleotides or vector of the invention into 
targeted cell population. Methods which are well known to those skilled in the art can 
be used to construct recombinant viral vectors; see, for example, the techniques 
described in Sambrook, Molecular Cloning A Laboratory Manual, Cold Spring Harbor 
Laboratory (1989) N.Y, and Ausubel, Current Protocols in Molecular Biology, Green 
Publishing Associates and Wiley Interscience, N.Y. (1994). Alternatively, the 
polynucleotides and vectors of the invention can be reconstituted into liposomes for 
delivery to target cells. 

The present invention furthermore relates to host cells transformed with a 
polynucleotide or vector of the invention. Said host cell may be a prokaryotic or 
eukaryotic cell; see supra. The polynucleotide or vector of the invention which is 
present in the host ceil may either be integrated into the genome of the host cell or it 
may be maintained extrachromosomally. In this respect, it is also to be understood 
that the recombinant DNA molecule of the invention can be used for "gene targeting" 
and/or "gene replacement", for restoring a mutant gene or for creating a mutant gene 
via homologous recombination; see for example Moueilic, Proc. Natl. Acad. Sci. USA, 
87 (1990), 4712-4716; Joyner, Gene Targeting, A Practical Approach, Oxford 
University Press. 

The host cell can be any prokaryotic or eukaryotic cell, such as a bacterial, insect, 
fungal, plant, animal or human cell. Preferred fungal cells are, for example, those of 
the genus Saccharomyces, in particular those of the species S. cerevisiae. The term 
"prokaryotic" is meant to include all bacteria which can be transformed or transfected 
with a polynucleotide for the expression of a variant MDR-1 protein or fragment 
thereof. Prokaryotic hosts may include gram negative as well as gram positive 
bacteria such as, for example, E. coli, S. typhimurium, Serratia marcescens and 
Bacillus subtilis. A polynucleotide coding for a mutant form of MDR-1 variant proteins 
can be used to transform or transfect the host using any of the techniques commonly 
known to those of ordinary skill in the art. Methods for preparing fused, operably 
linked genes and expressing them in bacteria or animal cells are well-known in the 
art (Sambrook, supra). The genetic constructs and methods described therein can be 
utilized for expression of variant MDR-1 proteins in, e.g., prokaryotic hosts. In 
general, expression vectors containing promoter sequences which facilitate the 
efficient transcription of the inserted polynucleotide are used in connection with the 
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host. The expression vector typically contains an origin of replication, a promoter, 
and a terminator, as well as specific genes which are capable of providing phenotypic 
selection of the transformed cells. The transformed prokaryotic hosts can be grown in 
fermentors and cultured according to techniques known in the art to achieve optimal 
cell growth. The proteins of the invention can then be isolated from the grown 
medium, cellular lysates, or cellular membrane fractions. The isolation and 
purification of the microbially or otherwise expressed polypeptides of the invention 
may be by any conventional means such as, for example, preparative 
chromatographic separations and immunological separations such as those involving 
the use of monoclonal or polyclonal antibodies. 

Thus, in a further embodiment the invention relates to a method for the production of 
variant MDR-1 proteins and fragments thereof comprising culturing a host cell as 
defined above under conditions allowing the expression of the protein and recovering 
the produced protein or fragment from the culture. 

In another embodiment the present invention relates to a method for producing cells 
capable of expressing a variant MDR-1 gene comprising genetically engineering cells 
with the polynucleotide or with the vector of the invention. The cells obtainable by the 
method of the invention can be used, for example, to test drugs according to the 
methods described in D. L. Spector, R. D. Goldman, L. A. Leinwand, Cells, a Lab 
manual, CSH Press 1998. Furthermore, the ceils can be used to study known drugs 
and unknown derivatives thereof for their ability to complement the drug transport 
deficiency caused by mutations in the MDR-1 gene. For these embodiments the host 
cells preferably lack a wild type allele, preferably both alleles of the MDR-1 gene 
and/or have at least one mutated from thereof. Alternatively, strong overexpression 
of a mutated allele over the normal allele and comparison with a recombinant cell line 
overexpressing the normal allele at a similar level may be used as a screening and 
analysis system. The cells obtainable by the above-described method may also be 
used for the screening methods referred to herein below. 

Furthermore, the invention relates to a variant MDR-1 protein or fragments thereof 
encoded by a polynucleotide according to the invention or obtainable by the above- 
described methods or from cells produced by the method described above. In this 
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context it is also understood that the variant MDR-1 proteins according to the 
invention may be further modified by conventional methods known in the art. By 
providing the variant MDR-1 proteins according to the present invention it is also 
possible to determine the portions relevant for their biological activity or inhibition of 
the same, namely their drug transport activity. 

The present invention furthermore relates to antibodies specifically recognizing a 
variant MDR-1 protein according to the invention. Advantageously, the antibody 
specifically recognizes an epitope containing one or more amino acid substitution(s) 
as defined above 

Antibodies against the variant MDR-1 protein of the invention can be prepared by 
well known methods using a purified protein according to the invention or a 
(synthetic) fragment derived therefrom as an antigen. Monoclonal antibodies can be 
prepared, for example, by the techniques as originally described in Kohler and 
Milstein, Nature 256 (1975), 495, and Galfr6, Meth. Enzymol. 73 (1981), 3, which 
comprise the fusion of mouse myeloma cells to spleen cells derived from immunized 
mammals. The antibodies can be monoclonal antibodies, polyclonal antibodies or 
synthetic antibodies as well as fragments of antibodies, such as Fab, Fv or scFv 
fragments etc. Furthermore, antibodies or fragments thereof to the aforementioned 
polypeptides can be obtained by using methods which are described, e.g., in Harlow 
and Lane "Antibodies, A Laboratory Manual", CSH Press, Cold Spring Harbor, 1988. 
These antibodies can be used, for example, for the immunoprecipitation and 
immunoiocalization of the variant MDR-1 proteins of the invention as well as for the 
monitoring of the presence of such variant MDR-1 proteins, for example, in 
recombinant organisms, and for the identification of compounds interacting with the 
proteins according to the invention. For example, surface plasmon resonance as 
employed irr the BIAcore system can be used to increase the efficiency of phage 
antibodies which bind to an epitope of the protein of the invention (Schier, Human 
Antibodies Hybridomas 7 (1996), 97-105; Malmborg, J. Immunol. Methods 183 
(1995), 7-13). 

Furthermore, the present invention relates to nucleic acid molecules which represent 
or comprise the complementary strand of any of the above described polynucleotides 
or a part thereof, thus comprising at least one nucleotide difference compared to the 
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corresponding wild type MDR-1 gene nucleotide sequences specified by the above 
described nucleotide substitutions, deletions and additions. Such a molecule may 
either be a deoxyribonucleic acid or a ribonucleic acid. Such molecules comprise, for 
example, antisense RNA. These molecules may furthermore be linked to sequences 
which when transcribed code for a ribozyme thereby producing a ribozyme which 
specifically cleaves transcripts of polynucleotides according to the invention. 

Furthermore, the present invention relates to a vector comprising a nucleic acid 
molecule according to the invention. Examples for such vectors are described above. 
Preferably, the nucleic acid molecule present in the vector is operatively linked to 
regulatory elements permitting expression in prokaryotic or eukaryotic host cells; see 
supra. 

The present invention also relates to a method for the production of a transgenic non- 
human animal, preferably transgenic mouse, comprising introduction of a 
polynucleotide or vector of the invention into a germ cell, an embryonic cell, stem cell 
or an egg or a cell derived therefrom. The non-human animal can be used in 
accordance with the method of the invention described below and may be a non- 
transgenic healthy animal, or may have a disorder, preferably a disorder caused by 
at least one mutation in the MDR-1 gene. Such transgenic animals are well suited 
for, e.g., pharmacological studies of drugs in connection with variant forms of the 
above described variant MDR-1 proteins since these proteins or at least their 
functional domains are conserved between species in higher eukaryotes, particularly 
in mammals. Production of transgenic embryos and screening of those can be 
performed, e.g., as described by A. L Joyner Ed., Gene Targeting, A Practical 
Approach (1993), Oxford University Press. The DNA of the embryos can be analyzed 
using, e.g., Southern blots with an appropriate probe. 

The invention also relates to transgenic non-human animals such as transgenic 
mouse, rats, hamsters, dogs, monkeys, rabbits, pigs, C. elegans and fish such as 
torpedo fish comprising a polynucleotide or vector of the invention or obtained by the 
method described above, preferably wherein said polynucleotide or vector is stably 
integrated into the genome of said non-human animal, preferably such that the 
presence of said polynucleotide or vector leads to the expression of the variant MDR- 
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1 protein of the invention. It may have one or several copies of the same or different 
polynucleotides of the variant MDR-1 gene. This animal has numerous utilities, 
including as a research model for multidrug resistance and therefore, presents a 
novel and valuable animal in the development of therapies, treatment, etc. for 
diseases caused by deficiency or failure of drug retention in the cell. Accordingly, in 
this instance, the mammal is preferably a laboratory animal such as a mouse or rat 

Preferably, the transgenic non-human animal of the invention further comprises at 
least one inactivated wild type allele of the MDR-1 gene. This embodiment allows for 
example the study of the interaction of various variant forms of MDR-1 proteins. It 
might be also desirable to inactivate MDR-1 gene expression or function at a certain 
stage of development and/or life of the transgenic animal. This can be achieved by 
using, for example, tissue specific, developmental and/or cell regulated and/or 
inducible promoters which drive the expression of, e.g., an antisense or ribozyme 
directed against the RNA transcript of the MDR-1 gene; see also supra. A suitable 
inducible system is for example tetracyciine-regulated gene expression as described, 
e.g., by Gossen and Bujard (Proc. Natl. Acad. Sci. 89 USA (1992), 5547-5551) and 
Gossen et al. (Trends Biotech. 12 (1994), 58-62). Similar, the expression of the 
variant MDR-1 gene may be controlled by such regulatory elements. 

With the variant MDR-1 polynucleotides and proteins and vectors of the invention, it 
is now possible to study in vivo and in vitro the efficiency of drugs in relation to 
particular mutations in the MDR-1 gene of a patient and the affected phenotype. 
Furthermore, the variant MDR-1 proteins of the invention can be used to determine 
the pharmacological profile of drugs and for the identification and preparation of 
further drugs which may be more effective for the treatment of, e.g., cancer, in 
particular for the amelioration of certain phenotypes caused by the respective 
mutations such as those described above. 

Thus, a particular object of the present invention concerns drug/pro-drug selection 
and formulation of pharmaceutical compositions for the treatment of diseases which 
are amenable to chemotherapy taking into account the polymorphism of the variant 
form of the MDR-1 gene that cosegregates with the affected phenotype of the patient 
to be treated. This allows the safe and economic application of drugs which for 
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example were hitherto considered not appropriate for therapy of, e.g., cancer due to 
either their side effects in some patients and/or their unreliable pharmalogical profile 
with respect to the same or different phenotype(s) of the disease. The means and 
methods described herein can be used, for example, to improve dosing 
recommendations and allows the prescriber to anticipate necessary dose 
adjustments depending on the considered patient group. 

In a further embodiment the present invention relates to a method of identifying and 
obtaining an MDR-1 inhibitor capable of modulating the activity of a molecular variant 
of the MDR-1 gene or its gene product comprising the steps of 

(a) contacting the variant MDR-1 protein or a cell expressing a molecular variant 
MDR-1 gene comprising a polynucleotide of the invention in the presence of 
components capable of providing a detectable signal in response to drug 
transport, with a compound to be screened under conditions to permit MDR-1 
mediated drug transport, and 

(b) detecting the presence or absence of a signal or increase of a signal 
generated from the drug transport, wherein the presence or increase of the 
signal is indicative for a putative inhibitor. 

The term "compound" in a method of the invention includes a single substance or a 
plurality of substances which may or may not be identical. 

Said compound(s) may be chemically synthesized or produced via microbial 
fermentation but can also be comprised in, for example, samples, e.g., cell extracts 
from, e.g., plants, animals or microorganisms. Furthermore, said compounds may be 
known in the art but hitherto not known to be useful as an inhibitor, respectively. The 
plurality of compounds may be, e.g., added to the culture medium or injected into a 
cell or non-human animal of the invention. 

If a sample containing (a) compound(s) is identified in the method of the invention, 
then it is either possible to isolate the compound from the original sample identified 
as containing the compound, in question or one can further subdivide the original 
sample, for example, if it consists of a plurality of different compounds, so as to 
reduce the number of different substances per sample and repeat the method with 
the subdivisions of the original sample. It can then be determined whether said 
sample or compound displays the desired properties, for example, by the methods 
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described herein or in the literature (Spector et at., Cells manual; see supra). 
Depending on the complexity of the samples, the steps described above can be 
performed several times, preferably until the sample identified according to the 
method of the invention only comprises a limited number of or only one substance(s). 
Preferably said sample comprises substances of similar chemical and/or physical 
properties, and most preferably said substances are identical. The methods of the 
present invention can be easily performed and designed by the person skilled in the 
art, for example in accordance with other ceil based assays described in the prior art 
or by using and modifying the methods as described herein. Furthermore, the person 
skilled in the art will readily recognize which further compounds and/or enzymes may 
be used in order to perform the methods of the invention, for example, enzymes, if 
necessary, that convert a certain compound into the precursor which in turn 
represents a substrate for the MDR-1 protein. Such adaptation of the method of the 
invention is well within the skill of the person skilled in the art and can be performed 
without undue experimentation. 

Compounds which can be used in accordance with the present invention include 
peptides, proteins, nucleic acids, antibodies, small organic compounds, ligands, 
peptidomimetics, PNAs and the like. Said compounds can also be functional 
derivatives or analogues of known drugs such as verapamil or cyclosporin. Methods 
for the preparation of chemical derivatives and analogues are well known to those 
skilled in the art and are described in, for example, Beilstein, Handbook of Organic 
Chemistry, Springer edition New York Inc., 175 Fifth Avenue, New York, N.Y. 10010 
U.S.A. and Organic Synthesis, Wiley, New York, USA, Furthermore, said derivatives 
and analogues can be tested for their effects according to methods known in the art 
or as described. Furthermore, peptide mimetics and/or computer aided design of 
appropriate drug derivatives and analogues can be used, for example, according to 
the methods described below. Such analogs comprise molecules having as the basis 
structure of known MDR-substrates and/or inhibitors and/or modulators; see infra. 
Appropriate computer programs can be used for the identification of interactive sites 
of a putative inhibitor and the MDR-1 protein of the invention by computer assistant 
searches for complementary structural motifs (Fassina, Immunomethods 5 (1994), 
114-120). Further appropriate computer systems for the computer aided design of 
protein and peptides are described in the prior art, for example, in Berry, Biochem. 



WO 01/09183 



20 



PCT/EP00/07314 



Soc. Trans. 22 (1994), 1033-1036; Wodak, Ann. N. Y. Acad Sei. 501 (1987), 1-13; 
Pabo, Biochemistry 25 (1986), 5987-5991. The results obtained from the above- 
described computer analysis can be used in combination with the method of the 
invention for, e.g., optimizing known inhibitors. Appropriate peptidomimetics and 
other inhibitors can also be identified by the synthesis of peptidomimetic 
combinatorial libraries through successive chemical modification and testing the 
resulting compounds, e.g., according to the methods described herein. Methods for 
the generation and use of peptidomimetic combinatorial libraries are described in the 
prior art, for example in Ostresh, Methods in Enzymoiogy 267 (1996), 220-234 and 
Dorner, Bioorg. Med. Chem. 4 (1996), 709-715. Furthermore, the three-dimensional 
and/or crystallographic structure of inhibitors and the MDR-1 protein of the invention 
can be used for the design of peptidomimetic drugs (Rose, Biochemistry 35 (1996), 
12933-12944; Rutenber, Bioorg. Med. Chem. 4 (1996), 1545-1558). 

In summary, the present invention provides methods for identifying and obtaining 
compounds which can be used in specific doses for the treatment of specific forms of 
diseases, e.g., cancer the chemotherapy of which is complicated by malfunctions of 
the MDR-1 gene often resulting in a drug resistant or sensitive phenotype. 

In a preferred embodiment of the method of the invention said cell is a cell of or, 
obtained by the method of the invention or is comprised in the above-described 
transgenic non-human animal. 

In a further embodiment the present invention relates to a method of identifying and 
obtaining an MDR-1 inhibitor capable of modulating the activity of a molecular variant 
of the MDR-1 gene or its gene product comprising the steps of 

(a) contacting the variant MDR-1 protein of the invention with a first molecule 
known to be bound by MDR-1 protein to form a first complex of said protein 
and said first molecule; 

(b) contacting said first complex with a compound to be screened; and 

(c) measuring whether said compound displaces said first molecule from said first 
complex. 
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Advantageously, in said method said measuring step comprises measuring the 
formation of a second complex of said protein and said inhibitor candidate. 
Preferably, said measuring step comprises measuring the amount of said first 
molecule that is not bound to said protein. 

In a particularly preferred embodiment of the above-described method of said first 
molecule is Verapamil, Valspodar, Cyclosporin A or dexniguldipine. Furthermore, it is 
preferred that in the method of the invention said first molecule is labeled, e.g., with a 
radioactive or fluorescent label 

In a still further embodiment the present invention relates to a method of diagnosing 
a disorder related to the presence of a molecular variant MDR-1 gene or 
susceptibility to such a disorder comprising 

(a) determining the presence of a polynucleotide of the invention in a sample from 
a subject; and/or 

(b) determining the presence of a variant form of MDR-1 protein, for example, with 
the antibody of the invention. 

In accordance with this embodiment of the present invention, the method of testing 
the status of a disorder or susceptibility to such a disorder can be effected by using a 
polynucleotide or a nucleic acid molecule of the invention, e.g., in the form of a 
Southern or Northern blot or in situ analysis. Said nucleic acid sequence may 
hybridize to a coding region of either of the genes or to a non-coding region, e.g. 
intron. In the case that a complementary sequence is employed in the method of the 
invention, said nucleic acid molecule can again be used in Northern blots. 
Additionally, said testing can be done in conjunction with an actual blocking, e.g., of 
the transcription of the gene and thus is expected to have therapeutic relevance. 
Furthermore, a primer or oligonucleotide can also be used for hybridizing to one of * 
the above-mentioned MDR-1 genes or corresponding rnRNAs. The nucleic acids 
used for hybridization can, of course, be conveniently labeled by incorporating or 
attaching, e.g., a radioactive or other marker. Such markers are well known in the art. 
The labeling of said nucleic acid molecules can be effected by conventional methods. 
Additionally, the presence or expression of variant MDR-1 genes can be monitored 
by using a primer pair that specifically hybridizes to either of the corresponding 
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nucleic acid sequences and by carrying out a PCR reaction according to standard 
procedures. Specific hybridization of the above mentioned probes or primers 
preferably occurs at stringent hybridization conditions. The term "stringent 
hybridization conditions" is well known in the art; see, for example, Sambrook et al M 
"Molecular Cloning, A Laboratory Manual" second ed., CSH Press, Cold Spring 
Harbor, 1989; "Nucleic Acid Hybridisation, A Practical Approach", Hames and 
Higgins eds., IRL Press, Oxford, 1985. Furthermore, the mRNA, cRNA, cDNA or 
genomic DNA obtained from the subject may be sequenced to identify mutations 
which may be characteristic fingerprints of mutations the MDR-1 gene. The present 
invention further comprises methods wherein such a fingerprint may be generated by 
RFLPs of DNA or RNA obtained from the subject, optionally the DNA or RNA may be 
amplified prior to analysis, the methods of which are well known in the art. RNA 
fingerprints may be performed by, for example, digesting an RNA sample obtained 
from the subject with a suitable RNA-Enzyme, for example RNase T if RNase T 2 or 
the like or a ribozyme and/for example, electrophoretically separating and detecting 
the RNA fragments as described above. 

Further modifications of the above-mentioned embodiment of the invention can be 
easily devised by the person skilled in the art, without any undue experimentation 
from this disclosure; see, e.g., the examples. An additional embodiment of the 
present invention relates to a method wherein said determination is effected by 
employing an antibody of the invention or fragment thereof. The antibody used in the 
method of the invention may be labeled with detectable tags such as a histidine flags 
or a biotin molecule. 

In a preferred embodiment of the present invention, the above described methods 
comprise PCR, ligase chain reaction, restriction digestion, direct sequencing, nucleic 
acid amplification techniques, hybridization techniques or immunoassays (Sambrook 
et al., loc. cit. CSH cloning, Harlow and Lane loc. cit. CSH antibodies). 

In a preferred embodiment of the method of the present invention said disorder is 
cancer. 

In a further embodiment of the above-described method, a further step comprising 
administering to the subject a medicament to abolish or alleviate said variations in 
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the MDR-1 gene in accordance with all applications of the method of the invention 
allows treatment of a given disease before the onset of clinical symptoms due to the 
phenotype response caused by the MDR-1 gene. 

In a preferred embodiment of the method of the invention said medicament are 
chemotherapeutic agents such as adriamycin, doxorubicin, paclitaxol (taxol) and 
other MDR-substrates, Ambudkar SV. et al M Annu. Rev. Pharmacol. Toxicol. 39 
(1999), 361-398. 

In another preferred embodiment of the above-described methods, said method 
further comprises introducing 

(i) a functional and expressible wild type MDR-1 gene or 

(ii) a nucleotide acid molecule or vector of the invention into cells. 

In this context and as used throughout this specification, "functional" MDR-1 gene 
means a gene wherein the encoded protein having part or all of the primary structural 
conformation of the wild type MDR-1 protein, i.e, possessing the biological property 
of mediating the drug transport through the membrane. This embodiment of the 
present invention is suited for therapy of cancer, inflammatory diseases, neuronal, 
CNS diseases or cardiovascular diseases, in particular in humans. Detection of the 
expression of a variant MDR-1 gene would allow the conclusion that said expression 
is interrelated to the generation or maintenance of a corresponding phenotype of the 
disease. Accordingly, a step would be applied to reduce the expression level to low 
levels or abolish the same. This can be done, for example, by at least partial 
elimination of the expression of the mutant gene by biological means, for example, by 
the use of ribozymes, antisense nucleic acid molecules, intracellular antibodies or the 
above described inhibitors against the variant forms of these MDR-1 proteins. 
Furthermore, pharmaceutical products may be developed that reduce the expression 
levels of the corresponding mutant proteins and genes. 

In a further embodiment the invention relates to a method for the production of a 
pharmaceutical composition comprising the steps of any one of the above described 
methods and synthesizing and/or formulating the compound identified in step (b) or a 
derivative or homologue thereof in a pharmaceutical^ acceptable form. The 
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therapeutically useful compounds identified according to the method of the invention 
may be formulated and administered to a patient as discussed above. For uses and 
therapeutic doses determined to be appropriate by one skilled in the art see infra. 

Furthermore, the present invention relates to a method for the preparation of a 
pharmaceutical composition comprising the steps of the above-described methods; 
and formulating a drug or pro-drug in the form suitable for therapeutic application and 
preventing or ameliorating the disorder of the subject diagnosed in the method of the 
invention. 

Drugs or pro-drugs after their in vivo administration are metabolized in order to be 
eliminated either by excretion or by metabolism to one or more active or inactive 
metabolites (Meyer, J. Pharmacokinet. Biopharm. 24 (1996), 449-459). Thus, rather 
than using the actual compound or inhibitor identified and obtained in accordance 
with the methods of the present invention a corresponding formulation as a pro-drug 
can be used which is converted into its active in the patient. Precautionary measures 
that may be taken for the application of pro-drugs and drugs are described in the 
literature; see, for review, Ozama, J. Toxicol. Sci. 21 (1996), 323-329). 

In a preferred embodiment of the method of the present invention said drug or 
prodrug is a derivative of a medicament as defined hereinbefore. 

In a still further embodiment the present invention relates to an inhibitor identified or 
obtained by the method described hereinbefore. Preferably, the inhibitor binds 
specifically to the variant MDR-1 protein of the invention. The antibodies, nucleic acid 
molecules and inhibitors of the present invention preferably have a specificity at least 
substantially identical to binding specificity of the natural ligand or binding partner of 
the MDR-1 protein of the invention. An antibody or inhibitor can have a binding 
affinity to the MDR-1 protein of the invention of at least 10 5 M'\ preferably higher 
than 10 7 M' 1 and advantageously up to 10 10 M* 1 in case MDR-1 activity should be 
repressed. Hence, in a preferred embodiment, a suppressive antibody or inhibitor of 
the invention has an affinity of at least about 10* 7 M, preferably at least about 10" 9 M 
and most preferably at last about 10" 11 M. 
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Furthermore, the present invention relates to the use of an oligo- or polynucleotide 
for the detection of a polynucleotide of the invention and/or for genotyping of 
corresponding individual MDR-1 alleles. Preferably, said oligo- or polynucleotide is a 
polynucleotide or a nucleic acid molecule of the invention described before. 

In a particular preferred embodiment said oligonucleotide is about 10 to 100, more 
preferably 15 to 50 nucleotides in length and comprises the nucleotide sequence of 
any one of SEQ ID NOS: 1 to 179 or a wild type fwt")- or mutated ("mut")-sequence 
of the promoter or of an exon of the MDR-1 gene depicted in Table 8 or a 
complementary sequence of any one of those. 

Hence, in a still further embodiment, the present invention relates to a primer or 
probe consisting of an oligonucleotide as defined above. In this context, the term 
"consisting of" means that the nucleotide sequence described above and employed 
for the primer or probe of the invention does not have any further nucleotide 
sequences of the MDR-1 gene immediately adjacent at its 5' and/or 3* end. However, 
other moieties such as labels, e.g., biotin molecules, histidin flags, antibody 
fragments, colloidal gold, etc. as well as nucleotide sequences which do not 
correspond to the MDR-1 gene may be present in the primer and probes of the 
present invention. Furthermore, it is also possible to use the above described 
particular nucleotide sequences and to combine them with other nucleotide 
sequences derived from the MDR-1 gene wherein these additional nucleotide 
sequences are interspersed with moieties other than nucleic acids or wherein the 
nucleic acid does not correspond to nucleotide sequences of the MDR-1 gene. 

In addition, the present invention relates to the use of an antibody or a substance 
capable of binding specifically to the gene product of an MDR-1 gene for the 
detection of the variant MDR-1 protein of the invention, the expression of a molecular 
variant MDR-1 gene comprising a polynucleotide of the invention and/or for 
distinguishing MDR-1 alleles comprising a polynucleotide of the invention. 

Moreover, the present invention relates to a composition, preferably pharmaceutical 
composition comprising the antibody, the nucleic acid molecule, the vector or the 
inhibitor of the present invention, and optionally a pharmaceutical^ acceptable 
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carrier. These pharmaceutical compositions comprising, e.g., the inhibitor or 
pharmaceutical^ acceptable salts thereof may conveniently be administered by any 
of the routes conventionally used for drug administration, for instance, orally, 
topically, parenterally or by inhalation. Acceptable salts comprise acetate, 
methyiester, HCI, sulfate, chloride and the like. The compounds may be administered 
in conventional dosage forms prepared by combining the drugs with standard 
pharmaceutical carriers according to conventional procedures. These procedures 
may involve mixing, granulating and compressing or dissolving the ingredients as 
appropriate to the desired preparation. It will be appreciated that the form and 
character of the pharmaceutical^ acceptable character or diluent is dictated by the 
amount of active ingredient with which it is to be combined, the route of 
administration and other well-known variables. The carrier(s) must be "acceptable" in 
the sense of being compatible with the other ingredients of the formulation and not 
deleterious to the recipient thereof. The pharmaceutical carrier employed may be, for 
example, either a solid or liquid. Examplary of solid carriers are lactose, terra alba, 
sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and the 
like. Exemplary of liquid carriers are phosphate buffered saline solution, syrup, oil 
such as peanut oil and olive oil, water, enulsions, various types of wetting agents, 
sterile solutions and the like. Similarly, the carrier or diluent may include time delay 
material well known to the art, such as glyceryl mono-stearate or glyceryl distearate 
alone or with a wax. 

The dosage regimen will be determined by the attending physician and other clinical 
factors; preferably in accordance with any one of the above described methods. As is 
well known in the medical arts, dosages for any one patient depends upon many 
factors, including the patient's size, body surface area, age, the particular compound 
to be administered, sex, time and route of administration, general health, and other 
drugs being administered concurrently. Progress can be monitored by periodic 
assessment. 

Furthermore, the use of pharmaceutical compositions which comprise antisense- 
oligonucleotides which specifically hybridize to RNA encoding mutated versions of a 
MDR-1 gene according to the invention or which comprise antibodies specifically 
recognizing mutated MDR-1 protein but not or not substantially the functional wild- 
type form is conceivable in cases in which the concentration of the mutated form in 
the cells should be reduced. 
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Thanks to the present invention the particular drug selection, dosage regimen and 
corresponding patients to be treated can be determined in accordance with the 
present invention. The dosing recommendations will be indicated in product labeling 
by allowing the prescriber to anticipate dose adjustments depending on the 
considered patient group, with information that avoids prescribing the wrong drug to 
the wrong patients at the wrong dose. 

Furthermore, the present invention relates to a diagnostic composition or kit 
comprising any one of the afore-described polynucleotides, vectors, host cells, 
variant MDR-1 proteins, antibodies, inhibitors, nucleic acid molecules or the 
corresponding vectors of the invention, and optionally suitable means for detection. 
The kit of the invention may contain further ingredients such as selection markers 
and components for selective media suitable for the generation of transgenic cells 
and animals. The kit of the invention may advantageously be used for carrying out a 
method of the invention and could be, inter alia, employed in a variety of applications, 
e.g., in the diagnostic field or as research tool. The parts of the kit of the invention 
can be packaged individually in vials or in combination in containers or multicontainer 
units. Manufacture of the kit follows preferably standard procedures which are known 
to the person skilled in the art. The kit or diagnostic compositions may be used for 
methods for detecting expression of a mutant form of MDR-1 gene in accordance 
with any one of the above-described methods of the invention, employing, for 
example, immuno assay techniques such as radioimmunoassay or 
enzymeimmunoassay or preferably nucleic acid hybridization and/or amplification 
techniques such as those described herein before and in the examples. 

Some genetic changes lead to altered protein conformational states. For example, 
some variant MDR-1 proteins possess a tertiary structure that renders them far less 
capable of fascilitating drug transport. Restoring the normal or regulated 
conformation of mutated proteins is the most elegant and specific means to correct 
these molecular defects, although it is difficult. Pharmacological manipulations thus 
may aim at restoration of wild-type conformation of the protein. Thus, the 
polynucleotides and encoded proteins of the present invention may also be used to 
design and/or identify molecules which are capable of activating the wild-type 
function of a MDR-1 gene or protein. 
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In another embodiment the present invention relates to the use of a drug or prodrug 
for the preparation of a pharmaceutical composition for the treatment or prevention of 
a disorder diagnosed by the method described hereinbefore. 

Furthermore, the present invention relates to the use of an effective dose of a nucleic 
acid sequence encoding a functional and expressible wild type MDR-1 protein for the 
preparation of a pharmaceutical composition for treating, preventing and/or delaying 
a disorder diagnosed by the method of the invention. A gene encoding a functional 
and expressible MDR-1 protein can be introduced into the cells which in turn produce 
the protein of interest. Gene therapy, which is based on introducing therapeutic 
genes into cells by ex-vivo or in-vivo techniques is one of the most important 
applications of gene transfer. Suitable vectors and methods for in~vitro or in~vivo 
gene therapy are described in the literature and are known to the person skilled in 
the art; see, e.g., Giordano, Nature Medicine 2 (1996), 534-539; Schaper, Circ. Res. 
79 (1996), 911-919; Anderson, Science 256 (1992), 808-813; Isner, Lancet 348 
(1996), 370-374; Muhlhauser, Circ. Res. 77 (1995), 1077-1086; Wang, Nature 
Medicine 2 (1996), 714-716; W094/29469; WO 97/00957 or Schaper, Current 
Opinion in Biotechnology 7 (1996), 635-640, and references cited therein. The gene 
may be designed for direct introduction or for introduction via liposomes, or viral 
vectors (e.g. adenoviral, retroviral) into the cell. Preferably, said cell is a germ line 
cell, embryonic cell, or egg cell or derived therefrom, most preferably said cell is a 
stem cell. 

As is evident from the above, it is preferred that in the use of the invention the nucleic 
acid sequence is operatively linked to regulatory elements allowing for the expression 
and/or targeting of the MDR-1 protein to specific cells. Suitable gene delivery 
systems that can be employed in accordance with the invention may include 
liposomes, receptor-mediated delivery systems, naked DNA, and viral vectors such 
as herpes viruses, retroviruses, adenoviruses, and adeno-associated viruses, among 
others. Delivery of nucleic acids to a specific site in the body for gene therapy may 
also be accomplished using a biolistic delivery system, such as that described by 
Williams (Proc. Natl. Acad. Sci. USA 88 (1991), 2726-2729). Standard methods for 
transfecttng cells with recombinant DNA are well known to those skilled in the art of 
molecular biology, see, e.g., WO 94/29469; see also supra. Gene therapy may be 
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carried out by directly administering the recombinant DNA molecule or vector of the 
invention to a patient or by transfecting cells with the polynucleotide or vector of the 
invention ex vivo and infusing the transfected cells into the patient. 

In a preferred embodiment of the uses and methods of the invention, said disorder is 
cancer or a neuronal, CNS or cardiovascular disease. 

As shown in Examples 6 and 8 the polymorphisms identified in accordance with the 
present invention, especially the single nucleotide polymorphism (SNP) C3435T in 
exon 26 of the MDR-1 gene are useful as a pharmacogenetic factor that enables the 
prediction of blood levels of diverse MDR-1 substrates and inducers for improvement 
of drug safety and efficacy, i.e. to predict and prevent side effects and drug 
interactions and to increase patient compliance. Such substrates and inducers are, 
for example, anticonvulsant/antiepileptic drugs, like Phenytoin; cardiac glycosides, 
like Digoxin; immunosuppressive drugs like Cyclosporin A and FK506; macrolid- 
antibiotics, like Clarithromycin and Erythromycin; and macrocyclic-antibiotics, like 
Rifampin. Thus, the present invention also relates to the use of the above described 
SNPs as a pharmacogenetic factor in accordance with the above. Preferably, the 
polymorphism is the MDR-1 exon 26 (C3435T) SNP either alone or in conjunction 
with any other SNP such as those described above. 

Further applications of the polymorphisms identified in accordance with the present 
invention and means and methods that can be used in accordance with the above 
described embodiments can be found in the prior art, for example, as described in 
US-A-5,856,104, wherein the there described means and methods for forensics, 
Paternity testing, correlation of polymorphisms with phenotypic traits, genetic 
mapping of. phenotypic traits, etc. can be equally applied in accordance with the 
present invention. 

These and other embodiments are disclosed or are obvious from and encompassed 
by the description and examples of the present invention. Further literature 
concerning any one of the methods, uses and compounds to be employed in 
accordance with the present invention may be retrieved from public libraries, using 
for example electronic devices. For example the public database "Medline" may be 
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utilized which is available on Internet e.g. under 
http://vvvw.ncbi.nlm,nih.gov/PubMe(^medline.html. Further databases and 
addresses, such as http://www.ncbi.nlm.nih.gov/, http://www.infobiogen.fr/, 
http://www.fmi.ch/biology/researchJools.html, http://www.tigr.org/, are known to the 
person skilled in the art and can also be obtained using, e.g., http://www.lycos.com. 
An overview of patent information in biotechnology and a survey of relevant sources 
of patent information useful for retrospective searching and for current awareness is 
given in Berks, TIBTECH 12(1 994), 352-364. 

The pharmaceutical and diagnostic compositions, uses, methods of the invention can 
be used for the diagnosis and treatment of all kinds of diseases hitherto unknown as 
being related to or dependent on variant MDR-1 genes. The compositions, methods 
and uses of the present invention may be desirably employed in humans, although 
animal treatment is also encompassed by the methods and uses described herein. 
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Brief description of the figures 

Figure 1 : Gel of selected PCR fragments, before and after purification. Agarose 

(Appli Chem, Darmstadt) gel electrophoresis (1.5% Agarose gel) of 
MDR-1 PCR fragments before (A) and after (B) the purification step. M: 
molecular weight markers, 1-28: PCR fragments containing the 
sequences of exons 1-28 of the human MDR-1 gene, including relevant 
sequences that are flanking these exons. 

Figure 2: Examples for homozygous and heterozygous MDR-1 alleles. The 

sequences of PCR fragments containing the sequences of exons 1-28 
of the human MDR-1 gene, including relevant sequences that are 
flanking these exons, were determined by automated sequencing using 
the ABI Dyeterminator techniques. Heterozygous and homozygous 
deviations from the published MDR-1 sequence can be detected 
directly in the DNA sequence profiles. 

Figure 3: Examples for diagnosis of homozygous and heterozygous MDR-1 

alleles. Agarose (AppliChem, Darmstadt) gelelectrophoresis (1.5% 
Agarose gel) of the allele specific PCR fragments of exon 2 (261 bp) 
and exon 5 (180 bp). 

The invention will now be described by reference to the following biological examples 
which are merely illustrative and are not to be construed as a limitation of the scope 
of the present invention. 
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Examples 

Example 1: Isolation of genomic DNA from human blood, generation and 
purification of MDR-1 gene fragments 

Genomic DNA was obtained by standard ion exchange chromatography techniques 
(Quiagen kits for isolation of genomic DNA from blood). Blood from all the individuals 
that were tested (volunteers from the department of Pharmacology at the Charitee 
Berlin) was obtained under consideration of all legal, ethical and medical and 
bureaucratical requirement of the Charitee Clinicum in Berlin, Germany. 

Specific oligonucleotide primers, 2 for each fragment, were applied to obtain by 
polymerase chain reaction (PGR) defined DNA fragments containing specific parts of 
the human MDR-1 gene. These specific oligonucleotide primers were designed to 
bind to sequences upstream and downstream of the various exons of the MDR-1 
gene. The resulting DNA fragments were to encode not only exon sequences, but 
also some intron sequences at the exon-intron boundaries. Such intronic sequences 
close to the exons are known to be important for correct processing and subsequent 
expression of the protein encoding mRNA, a process known as "splicing". 
Oligonucleotide primer pairs that were optimized for each of the 28 exons of the 
human MDR-1 gene, synthesized and purified by affinity chromatography (OPC 
cartridges). The sequence for each of primer is listed in Table 1 . 

Polymerase chain reactions were performed under conditions that were optimized for 
each of the fragments that cover the 28 exons of the human MDR-1 gene as well as 
the core promoter and enhancer region. PCRs were carried out for all exons in a 
reaction volume of 25//I. 50ng DNA template was added to standard PGR buffer 
containing 1,5mM MgCI 2 (Quiagen, Hilden), 50/yM dNTP's (Quiagen, Hilden), 25 
pMol each primer (Metabion, Munich) and 0,625 U Taq polymerase (Quiagen, 
Hilden). All PCRs were performed on a Perkin Elmer thermocycler (model 9700) with 
an initial denaturation step of 2 min at 94°C and 36 amplification cycles of 
denaturation 94°C for 45 sec, primer annealing depending on the primer's melting 
temperature (PGR conditions: A-H) for 45 sec, and 45 sec for 72°C followed by a 
final extension of 72°C for 5 min. For the single PCR conditions A-H the following 
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annealing temperatures were applied: A: 53°C; B: 56°C; C: 55°C D: 57,5°C; E: 
58°C; F: 59°C; G: 54°C; H: 60°C. 

PCRs were carried out for all fragments (promoter and enhancer) in a reaction 
volume of 50/yl, 50ng DNA template (exceptions: 100ng for promoter fragments 1-3) 
was added to standard PCR buffer containing 1,5mM MgCI2 (Quiagen, Hilden), 
200/iM dNTP's (Quiagen, Hilden), 30 pMol each primer (Metabion, Munich; 
exception: 20 pMol for enhancer fragment 1) and 1 U Taq polymerase (Quiagen, 
Hilden). All PCRs were performed on a Perkin Elmer thermocycler (model 9700) with 
an initial denaturation step of 3 min at 94°C and different amplification cycles (30 for 
promoter fragment 2 + 4 and enhancer fragment 1 ; 31 for promoter fragment 3; 32 for 
promoter fragment 1 and enhancer fragment 2) of denaturation 94°C for 30 sec, 
primer annealing depending on the primer's melting temperature (PCR conditions: A 
and B) for 30 sec, and 30 sec for 72°C followed by a final extension of 72°C for 2 
min. For the single PCR conditions A and B the following annealing temperatures 
were applied: A: 58°C; B: 56°C 

The optimized PCR-conditions and the resulting size of the desired and obtained 
fragments are listed in Table 1. Examples of the resulting MDR-1 gene fragments 
that were used for further analysis of the individual genotype are presented in Figure 
1. 

The defined DNA fragments containing specific parts of the human MDR-1 gene, 
exon sequences as well as some intron sequences at the exon-intron boundaries 
were processed to remove nonincorporated nucleotides and buffer components that 
otherwise might interfere with the subsequent determination of the individual MDR-1 
genotype by direct DNA sequencing. For this purification, standard ion exchange 
chromatography techniques were used (Quiagen kits for PCR fragment purification). 
For all of the fragments, sufficient yields of purified fragments, suitable for direct DNA 
sequence analyses, were obtained. Examples of purified MDR-1 gene fragments that 
were used for direct sequence analysis of the individual MDR-1 genotype are 
presented in Figure 1 . 
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Example 2: Identification of different MDR-1 gene alleles by sequence 
determination in various individuals 

For the sequence analysis of relevant regions of the human MDR-1 gene from many 
different individuals, PCR amplification of the relevant regions of the MDR-1 gene 
were carried out (see Tab.1) and the purified PCR products subsequently sequenced 
with established methods (ABI dyeterminator cycle sequencing). A very important 
parameter that was needed to consider using this approach was that each normal 
human individual harbors two MDR-1 gene copies. Because of this diploidy (of 
autosomal genes, and MDR-1 is autosomally encoded), great care had to be taken in 
the evaluation of the sequences to be able to identify unambiguously not only 
homozygous sequence variations but also heterozygous variations. Because of that, 
it was never relied on only one determined sequence, but always obtained at least 
two sequences from each defined MDR-1 gene fragment from each individual, by 
sequencing both opposite DNA strands. 

For the initial evaluation of MDR-1 variations in the human population, sequence 
analysis of the relevant regions, including all exons, of the human MDR-1 gene was 
carried out from the genomic DNA from 24 different individuals. This number of 
individual samples was then extended for selected MDR-1 gene fragments, some of 
which have been analyzed from 127 individuals. The sequences were manually 
inspected for the occurrence of DNA sequences that were deviant from the published 
MDR-1 sequences, which are considered as "wiidtype" sequences in all of this work. 
Because population genetics enables a calculation of the expected frequency of 
homozygous vs, heterozygous alleles of a defined gene (Hardy Weinberg formula, p 
e2 + 2pq + q e2 = 1), it was also possible to confirm the predicted (with that formula) 
distribution of homozygous vs. heterozygous alleles and deviations with the 
experimental findings. This serves as internal control and confirmation that a 
detected sequence deviation indeed represents a novel allele. 

Several novel MDR-1 sequence variations were discovered and experimentally 
confirmed using this approach which are shown in Figure 2. 8 polymorphisms appear 
in intron sequences close flanking the exons 5, 6, 12 and 17 (SEQ ID NOs: 91, 154 
and 160 for exon 5), (SEQ ID NOs: 101 and 166 for exon 6), (SEQ ID NO: 116 for 
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exon 12) and (SEQ ID NOs: 119 and 172 for exon 17). 7 polymorphisms were found 
in the coding region, 2 in the exons 2 and 26, and one each in exons 5, 11 and 12 
and one in noncoding exon 1 (SEQ ID NOs: 79 and 85 (for exon 2), 122 and 178 (for 
exon 26), 97 (for exon 5), 106 (for exon 11), 112 (for exon 12) and 73 (for exon 1), 
respectively). 3 variations result in changes in the amino acid sequence of the MDR- 
1 protein (SEQ ID NOs: 85 (for N21D), 97 (for F103S) and 106 (for S400N), 
respectively). Their changes will alter the MDR protein. One change that does not 
alter the protein is located directly before the ATG translational start codon (SEQ ID 
NO: 79). It is well known that this position is very important for the levels of 
expression of proteins by controlling the effectiveness of translation. Further 
polymorphisms do not change the amino acid composition of MDR-1 , but they still 
are useful tools for MDR-1 genotyping because each of these variations define a 
novel MDR-1 allele. It is known that the expression of MDR-1 varies greatly between 
different individuals, and one very likely explanation for this variability in expression 
levels is allelic differences in the region directly in and surrounding the MDR-1 gene. 
Thus all novel and defined MDR-1 alleles serve as markers for the determination of 
the MDR-1 gene status in patients The importance of this MDR-1 genotyping for the 
diagnosis and therapy of diseases is well known to experts in the field, and it has 
also been explained in detail above in the introductory chapter. 

The exact positions and further details of the novel MDR-1 alleles, including the exact 
novel sequence and sequence deviation, and the homozygous vs. heterozygous 
distribution of the allele in the population are listed in Table 2. The expected 
frequency for homozygotes of the variant allele were calculated on the basis of the 
Hardy-Weinberg distribution. The deviant base in the sequence is bold and 
underlined. Figure 2 shows examples of the discovery and appearance of novel 
variants in DNA samples from homozygous or heterozygous individuals. 

Example 3: Methods for specific detection and diagnosis of MDR-1 alleles 

Methods to detect the various MDR-1 alleles that have been identified utilize the 
principle that specific sequence differences can be translated into reagents for allele 
differentiation. These reagents provide the necessary backbone for the development 
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of diagnostic tests. Examples for such reagents include- but are not limited to - 
oligonucleotides that deviate from the wildtype MDR-1 sequence in the newly 
identified base substitution. Frequently, the principles of diagnostic tests for the 
determination of the individual MDR-1 gene status include - but are not limited to- 
differences in the hybridization efficiencies of such reagents to the various MDR-1 
alleles. In addition, differences in the efficacy of such reagents in, or as different 
substrates for, enzymatic reactions, e.g. ligases or polymerases or restriction 
enzymes can be applied. The principles of these tests are well known to experts in 
the field. Examples are PCR- and LCR techniques, Chip-hybridizations or MALDI- 
TOF analyses. Such techniques are described in the prior art, e.g., PCR technique: 
Newton, (1994) PCR, BIOS Scientific Publishers, Oxford; LCR-technique: Shimer, 
Ligase chain reaction. Methods Mol. Biol. 46 (1995), 269-278; Chip hybridization: 
Ramsay, DNA chips: State-of-the art. Natrue Biotechnology 16 (1998), 40-44; and 
MALDI-TOF analysis: Ross, High level multiplex genotyping by MALDI-TOF mass 
spectrometry, Nature Biotechnology 16 (1998), 1347-1351. Other test principles are 
based on the application of reagents that specifically recognize the MDR-1 variant as 
translated expressed protein. Examples are allele-specific antibodies, peptides, 
substrate analogs, inhibitors, or other substances which bind to (and in some 
instances may also modify the action of) the various MDR-1 protein forms that are 
encoded by the new MDR-1 alleles. The examples that are presented here, to 
demonstrate the principles of diagnostic tests with reagents derived from the novel 
nucleotide substitutions defined in this application, are based on PCR-methods. It is 
obvious that, applying the described specific reagents, any of the other methods will 
also work for the differentiation of MDR-1 alleles. 

Example 4: Diagnosis of MDR-1 Alleles by specific PCR 

Allele-specific PGR is a technique well known to experts in the field that allows the 
differentiation of alleles of genes by the application of the polymerase chain reaction 
with reagents (primer combinations) that are specifically designed for the detection of 
single allele sequences. The main component of such tests, and the only reagent 
that provides the specificity of such tests, are oligonucleotides that are designed to 
contain sequences that specifically distinguish different alleles of genes. 
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In this example, specific oligonucleotides were designed that can distinguish different 
MDR-1 alleles because of their differential hybridization efficacy to different alleles 
and because of their varying ability to serve as substrates for enzymatic reactions 
(the enzyme in this example being a thermostable polymerase). The reagents that 
were specifically designed and able to detect the presence and/or absence of the 
newly defined mdr-1 alleles in individual humans are listed as specific primer 
combinations for each new allele in Table 3. The design of these reagents bases on 
the newly discovered nucleotide sequences and base substitutions in the human 
MDR-1 gene, which are presented in example 2 and listed in Table 2 and Figure 2. In 
addition to the design of specific reagents, diagnostic test that are based upon the 
principle of polymerase chain reaction needs optimization of test conditions, i.e. 
optimized PCR-conditions. The result of test is in this case given as presence or 
absence of specific DNA fragments obtained using genomic DNA from individual 
humans as testable ingredient (template). The preparation of the genomic DNA from 
the blood of individuals is described in example 1 . 

PCRs were carried out for all fragments in a reaction volume of 20//L 50ng DNA 
template was added to standard PGR buffer (Qiagen, Hilden) containing 1,5mM 
MgCI 2 , 250//M dNTP's (Qiagen, Hilden), 1 x Q-solution (Qiagen, Hilden), 20 pMol 
each primer (Metabion, Munich; specific wt primer + common primer and specific mut 
primer + common primer) and 1 U Taq polymerase (Qiagen, Hilden). All PCRs were 
performed on a Perkin Elmer thermocycler (model 9700) with an initial denaturation 
step of 3 min at 95°C and 30 amplification cycles of denaturation 94°C for 30 sec, 
primer annealing depending on the primer's melting temperature. (PGR conditions: A- 
E) for 30 sec, and 30 sec for 72°C followed by a final extension of 72°C for 8 min. For 
the single PCR conditions A-E the following annealing temperatures were applied: A: 
54°C; B: 58°C; C: 50°C; D: 61 °C; E: 53°C. 

The deviant base in the respective specific primer sequence is underlined and in a 
bold style. The presence or absence of specific DNA fragments in this assay 
translates in presence or absence of the tested allele. 

Examples for such readouts, as results for the MDR-1 allele detection diagnosis, are 
shown Figure 3. It is obvious from these examples (Tab.3, Fig.3), that these tests are 
suitable to differentiate the presence of the analyzed MDR-1 alleles in humans. 
Homozygous as well as heterozygous, frequent as well as rare alleles of the MDR-1 
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gene can be detected. The specificity of these tests relies solely, and totally depends, 
on the specific oligonucleotide reagents that were applied. The design of these 
reagents in turn was dependent on the sequence information of the discovered MDR- 
1 variants and novel alleles, that are presented in example 2 and Table 2. 

Example 5: Diagnosis and correlation of different MDFM polymorphisms with 
expression levels and in vivo activity of MDFM in patients 

To identify potential direct correlations of MDFM polymorphisms with clinical relevant 
phenotypes in humans, probands from a study at the Dr. Margarete Fischer-Bosch- 
Institut for Clinical Pharmacology in Stuttgart, were subjected to the determination of 
MDFM polymorphisms as described in examples 2-4. The expression levels of MDR- 
1 in the colon and liver of these patients was also estimated by established 
immunohistochemical detection of the MDFM protein. In the proband population, in 
addition to measurements of the expression levels of MDFM in the colon, 
measurements of MDFM upon induction of the gene by rifampicine were performed. 
Also, the in vivo activity of MDFM under noninduced and rifampicine induced 
conditions was determined by measuring the blood concentrations of orally 
administered digoxin (1mg), which is a known MDFM substrate and whose blood 
concentration also depends on the MDFM activity in the colon. 
The results of the MDFM measurements, rifampicine induction experiments and 
digoxtn-experiments, as well as results from the MDFM polymorphism detection 
analysis in the proband population show correlations between MDFM gene 
expression and MDFM in vivo activity with certain polymorphisms. 

MDFM protein levels: 

As shown -in table 4, a T/C polymorphism at position 176 in Acc.#M29445/J05168 in 
exon 26 correlates with the expression levels of MDFM. Presence of the T allele at 
this position indicates weaker MDFM expression levels compared to samples which 
have only the corresponding homozygous C-ailele. The mean of the rifampicin- 
induced MDFM levels of the Oalleie population is much higher as that of the T- 
popuiation (924 vs 587 relative units). In total agreement with that, a proband 
homozygous for the T-allele had the lowest detectable uninduced and induced MDR- 
1 level while a proband homozygous for the C allele displayed the highest level of all 
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probands tested. The difference of induced MDR-1 expression levels between these 
individuals was 9-fold. 

MDR-1 in vivo activity: 

Table 5 shows the results of the measurements of the in vivo activity of MDR-1 under 
noninduced and rifampicine induced conditions. This was done by measuring the 
blood concentrations of orally administered digoxin which is a known MDR-1 
substrate and whose blood concentration also depends on the MDR-1 activity in the 
colon. Consistant with the observation that the polymorphism at position 176 in 
Acc.#M29445/J05168 in exon 26 T/C correlates with the expression levels of MDR-1, 
a correlation of this polymorphism was observed with digoxin blood levels, which in 
turn reflects the MDR-1 protein activity in vivo. The probands that harbor the T allele 
(correlates with weaker MDR-1 expression, see Tab. 4), contain higher blood levels 
of digoxin compared to samples which have only the corresponding homozygous C- 
allele. The reason for that is that the uptake of MDR-1 substrates such as digoxin 
from the colon to the blood appears to be more effective in humans with lower MDR- 
1 expression. This is totally consistent with the function of MDR-1 in the colon, i.e. re- 
transport and elimination of substrates from the uptaking cells into the lumen of the 
colon. The mean of the non-induced as well as rifampicin-induced digoxin 
concentration in the blood (correlates invers to MDR-1 activity) of the C-allele 
population are consistantly lower than those of the T-population (63.9 vs. 44.9 and 
45 vs. 28.6 Dig AUC induced). In total agreement with that, a proband with the 
homozygous T allele had the highest detectable digoxin concentration in the blood 
after rifampicine induction (57.3 Dig.AUC) and a proband homozygous for the C- 
allele displayed the lowest level of all probands (12.3 Dig.AUC). The difference of the 
digoxin blood levels between these individuals was more than 4-fold. 

MDR-1 in a patient population: 

The results of our analysis of the correlation of MDR-1 expression levels, MDR-1 
protein activity and MDR-1 polymorphism detection analysis are further corrobated by 
an analysis of the MDR-1 expression and MDR-1 genotyping of various patients from 
the Dr. Margarete Fischer-Bosch-lnstitut for Clinical Pharmacology in Stuttgart. 
Immunohistology was performed on the various patient tissue samples, particularly 
colon and liver, and they were compared to each other to allow a relative comparison 
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of the MDR-protein between these samples. Within each set of experiments, patient 
samples were ranked according to their MDR-1 staining intensity, i.e. 1 st rank equals 
highest MDR-intensity and last rank lowest MDR-1 intensity. 

The correlation of this ranking analysis with the MDR-1 genotype shows that the T 
allele at the polymorphism at position 176 in Acc.#M29445/J05168 in exon 26 
correlates with lower expression of the MDR-1 gene when compared to patients 
which carry homozygous the C allele at this position. In this analysis, two other 
polymorphisms showed some correlation with MDR-1 expression: A homozygous T 
genotype at position 171466 in AC002457 (intron 4) may correlate with high 
expression and a polymorphism (GA) at position 101 in exon 11 (M29432AJ05168) 
may correlate with low expression. 

Example 6: Validation of the genotype/phenotype correlation of the exon 26 
(C3435T) polymorphism with extended sample numbers 

To further validate the correlation of the single nucleotide polymorphism (SNP) T/C at 
position 176 in ACC.# M29445/J05168 described in the previous examples and now 
also referred to as MDR-1 exon 26 SNP C3435T, (position correspond to MDR-1 
cDNA GenBank accession no. AF016535, Codon TTC exon 10, F335, is missing in 
that sequence), with the first base of the ATG start codon set to 1) with the levels of 
intestinal MDR-1 expression (first results shown in Example 5), additional volunteers 
of a further experimental study at the Dr. Margarete Fischer-Bosch-Institute for 
Clinical Pharmacology in Stuttgart were analysed. The expression levels of MDR-1 in 
the intestine of these volunteers and patients had been determined by quantitative 
immunohistochemistry and Western blots of biopsies and enterocyte preparations of 
the duodenum. To assure that this analysis reflect the specific PGP expression in 
intestinal enterocytes, an additional marker protein that is expressed in enterocytes, 
villin, was simultanously analyzed. The results of this analysis are shown in Figure 4. 
The T/T genotype is associated with significant lower MDR-1 expression levels 
compared to the C/C genotype. Individuals with a C/T genotype show an 
intermediate phenotype. 

For a further validation of the correlation of MDR-1 genotype with intestinal digoxin 
uptake, additional volunteers of another clinical study at the University Medical 
Center, Charite in Berlin that addresses blood levels of digoxin after oral application 
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(without rifampin induction and PGP protein determination, Johne et aL (1999), Clin. 
Pharmacol. Thr, 66, 338-345) were evaluated for their MDR-1 genotype in exon 26. 
In this study, maximum plasma concentrations (Cmax) were evaluated during steady 
state conditions of digoxin. This pharmacokinetic parameter especially reveals 
differences in the absorption of digoxin between the different groups. Figure 5 shows 
a comparison of digoxin C max of 7 volunteers that carried homozygously the T/T allele 
and 7 volunteers with the homozygous C/C genotype in exon 26. Volunteers 
homozygous for the T-aileie show significant higher levels of digoxin compared to 
volunteers with a C/C genotype. The mean difference of 38% in digoxin C ma x 
between the groups is statistically significant (p=0.Q06, Mann Whitney U 2 sample 
test) and reflects the impact of this polymorphism on digoxin pharmacokinetics. 

Figure 4: Correlation of the exon 26 SNP with MDR-1 expression under non- 
induced conditions. The MDR-phenotype (expression and activity) of 21 volunteers 
and patients was determined by Western blot analyses. The box plot shows the 
distribution of MDR-1 expression clustered according to the MDR-1 genotype at the 
relevant exon 26 SNP. The genotype-phenotype correlation has a significance of 
p=0.056(N=21). 
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Figure 5: Correlation of MDR-1 genotype and digoxin uptake in vivo. The MDR-1 
genotype in exon 26 was analyzed in 14 healthy volunteers who participated in a 
clinical study that addresses blood levels of digoxin during steady state conditions 
(Johne et al. (1999), Clin. Pharmacol. Thr. 66, 338-345). A statistically significant 
difference (p=0.006; Mann Whitney U 2 sample test) was found in the comparison of 
maximum concentrations {C max ) of digoxin between two groups of 7 healthy 
volunteers harboring either T7T or C/C genotype. The mean difference of 38% in C ma x 
may reflect the importance of genotype on the absorption of digoxin after oral 
application. A 0.25 mg dose was applied upon steady-state of digoxin. 
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Example 7: Identification of new MDR-1 polymorphisms by sequence analysis 
of a large collection of various individuals 

An extended search for SNPs in the human MDR-1 gene revealed in addition to the 
different novel MDR-1 polymorphisms numerous further new polymorphisms in the 
MDR-1 gene which are listed in Table 8. Within the new screen the number of 
individual samples was extended for all MDR-1 exons, as well as for the MDR-1 
promoter fragments, some of which have been analyzed from 236 individuals. 
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It is possible that in addition to the MDR-1 exon 26 (C3435T) SNP that can be used 
to predict PGP expression, other more rare polymorphisms in regions of the MDFM 
gene have also some affect on expression. E.g. promoter polymorphisms and protein 
changing SNPs are very likely to have an additional effect on MDFM expression and 
activity. Futhermore, al these novel polymorphisms can be utilized to generate an 
exact individual MDR-1 genotype -i.e. allele composition- which may be unique for 
individuals and thus very useful to predict individual MDR-1 dependent drug 
response. 

The more polymorphisms are known in the human MDR-1 gene, the more complete 
and thus more useful will an individual MDR-1 genotype description be. The 
identification of these 32 new MDR-1 polymorphisms is an further important step 
towards achieving the goal of establishing many different MDR-1 genotypes that 
predict outcome and side effects of drug therapy. 

Example 8: Determination of the MDR-1 exon 26 (C3435T) polymorphism as a 
pharmacogenetic factor that influences drug levels in combination with other 
pharmacogenetic factors 

The anticonvulsant drug Phenytoin is commonly used in the therapy of epilepsia, 
acute and chronic suppression of ventricular arrhythmias and in digitalis intoxication. 
The narrow therapeutic range with a number of severe side effects in combination 
with a nonlinear pharmacokinetic (i.e. overproportional increase of plasma levels in 
response to dosage elevation) make Phenytoin treatment challenging and suitable 
parameters to predict plasma levels from a given dose highly desirable in order to 
improve therapeutic outcome and to prevent side effects. 

It is known that the polymorphic enzymes 2C9 and 2C19 have an effect on the 
metabolism of Phenytoin (Mamiya et al. 1998, Epilepsia Dec;39(12):1317-23), and it 
has been shown that 2C9 defects can lead to abnormal blood levels that may cause 
side effects or drug inefficacy (Aynacioglu et al. 1999, Br J Clin Pharmacol. 
Sep;48(3):409-15). However, it is also clear that 2C9 genotyping does not permit to 
make exact bloodlevel predictions from given dose. Even in 2C9 genotyped 
individuals, compensated for the respective enzyme genotype, blood levels vary 
significantly. 
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Table 6 shows that MDR-1 exon 26 (C3435T) SNP plays - in addition to 2C9- a clear 
role in phenytoin blood levels, and MDR-1 genotyping for this SNP permits a more 
accurate correlation between phenytoin dose, genotype and blood levels. 
Within 2C9/19 enzyme genotyped groups, variation of levels can be explained by the 
MDR-1 genotype, particularly in the groups of 2C9/C19 poor metabolizers, which 
already show increased blood levels. Here MDR-1 genotyping is able to identify a 
subgroup of patients who is at increased risk to exhibit extraordinary high phenytoin 
blood levels: Poor metabolizers which have the MDR-1 T/T genotype. These patients 
have an increased risk to encounter overdose related adverse drug effects. For 
example, within a group of 100 patients which received phenytoin, a 2C9 deficient 
patient with the low PGP (T/T) genotype showed the highest blood concentration, 
which was about twofold increased compared to the „normal" population. The 
correlation between Cyp 2C9 genotype and Phenytoin plasma levels is statistically 
significant, but the significance increases by taking into account the MDR-1 T/T 
genotype as a covariate (p< 0.001 , ANCOVA). 

Table 6 : Dependence of Phenytoin levels on pharmacogenetic components 



MDR-1 
genotype 


CC and CT 


TT 


intestinal PGP 


high/medium 


low 


Phenytoin blood levels: 


2C9 

metabolizers 


normal 


normal 


2C9 weak 
and/or deficient 
metabolizers 


high 


VERY HIGH 
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samples 


PGP concentration 


~ "■ — '" — — — — — — — 

MDR-1 genotype 


j not induced probands 1 


55 
39 

i. l Q 

376 




not induced probands, mean 


212 


T-allele present (T/T and T/C) 


rifampicine-induced probands 


142 

LUG J 

520 
601 


at position 176 in 
Ac^.rriyizy4-+C(/ i Do m exon zo 


rifampicine-induced probands, 
mean 


587 


• 


Tint i ti /"it iffrrl nrrthaflWc 


yo 

302 

|291 
\ 




| sot induced probands, mean 


t 

| 230 


T-aiieie absent (C/C only) 


j rifampicine-induced probands 


1 423 
1264 
1086 


at position 176 in 
Acc.#M29445/705168 


rifampicine-induced probands, 
mean 


924 




lowest rif-induced activirv 


1 142.1 . 

i 


! homozygous T/T 
1 at position 176 in 
! Acc.#M29445/J05168 


highest rif-induced activity 


i 

1 1264.9 

V 

i 


, homozygous C/C 
at position 1 76 in 
ACC.SM29445/J0516S 
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Table 5 



samples 


digoxin concentration in blood 


MDR-1 genotype 


not indue e d probands 


63.6 
64.1 
73.2 
54.7 




not induced probands, mean 


63.9 


T-allele present (T/T and T/C) 


rifampicine-induced probands 


57.3 
39 
45. S 
37.7 


at position 176 in 
Acc.#M29445/705168 


rifampicine-induced probands; 
mean 


45 




not induced probands 


55.6 
30.S 
48.3 




not induced probands, mean 


44.9 


T-allele absent (C/C only) 


rifampicine-induced probands 


39,6 
12.3 
33.9 


at position 176 in 
Acc.#M29445/J05l68 


rifampicine-induced probands, 
mean 


28.6 




highest rif-induced dig blood level 


I 5 / *3 

-1— , , : 


j homozygous T/T 
I at position 176 in 
j.Acc.#M29445/J05l68 


lowest rif-induced die biood level 


12.3 


; homozygous C/C 
! aiDosition 176 in 
1 Acc.#M294d5/J05168 
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Claims 

A polynucleotide selected from the group consisting of: 

(a) a polynucleotide having the nucleic acid sequence of any one of SEQ 
ID NOs: 73, 74, 79, 80, 85, 86, 91, 92, 97, 98, 101, 106, 107, 112, 113, 
116, 119, 122, 154, 155, 160, 161, 166, 167, 172, 173, 178, 179, 184, 
185, 190, 191, 196, 197, 202, 203, 208, 209, 214, 215, 220, 221, 226, 
227, 232, 233, 238, 239, 244, 245, 250, 251, 256, 257, 262, 263, 268, 
269, 274, 275, 280, 281, 286, 287, 292, 293, 298, 299, 304, 305, 310, 
311, 316, 317, 322, 323, 328, 329, 334, 335, 340, 341, 346, 347, 352, 
353, 358, 359, 364, 365, 370, 371 or 376; 

(b) a polynucleotide encoding a polypeptide having the amino acid 
sequence of any one of SEQ ID NOs: 372, 373, 374 or 375; 

(c) a polynucleotide encoding a molecular variant Multi Drug Resistance 
(MDR)-1 polypeptide, wherein said polynucleotide is having at a 
position corresponding to position 140837, 141530, 141590, 171466, 
171512 or 175068 of the MDR-1 gene (Accession No: AC002457), at a 
position corresponding to position 101 or 308 of the MDR-1 gene 
(Accession No: M29432 or J05168), at a position corresponding to 
position 83946 of the MDR-1 gene (Accession No: AC005068), at a 
position corresponding to position 78170 of the MDR-1 gene (Accession 
No: AC005068), at a position corresponding to position 176 of the 
MDR-1 gene (Accession No: M29445 or J05168), at a position 
corresponding to position 171456, 171404 or 175074 of the MDR-1 
gene (Accession No: AC002457), at a position corresponding to 
position 7781 1 of the MDR-1 gene (Accession No: AC005068) or at a 
position corresponding to position 137 of the MDR-1 gene (Accession 
No: M29445 or J05168) a nucleotide exchange, a nucleotide deletion, 
an additional nucleotide or an additional nucleotide and a nucleotide 
exchange; 

(d) a polynucleotide encoding a molecular variant MDR-1 polypeptide, 
wherein said polynucleotide is having at a position corresponding to 
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position 140837, 171512, 171456, 171404, 139119, 139619, 140490 or 
171511 of the MDR-1 gene (Accession No: AC002457) a C, at a 
position corresponding to position 141530, 139177, 139479, 140118, 
140568, 140727 or 174901 of the MDR-1 gene (Accession No: 
AC002457) a A, at a position corresponding to position 141590, 
139015, 140216, 140595, 175142 or 175180 of the MDR-1 gene 
(Accession No: AC002457) a G, at a position corresponding to position 
171466, 175068, 175074, 139064, 139276, 140576 or 145984 of the 
MDR-1 gene (Accession No: AC002457) a T, at a position 
corresponding to position 101 of the MDR-1 gene (Accession No: 
M29432 or J05168) a A, at a position corresponding to position 308 of 
the MDR-1 gene (Accession No: M29432 or J05168) a T, at a position 
corresponding to position 83946, 78170, 70237 or 70200 of the MDR-1 
gene (Accession No: AC005068) a T, at a position corresponding to 
position 77811, 84032 or 73252 of the MDR-1 gene (Accession No: 
AC005068) a G, at a position corresponding to position 84701, 84074, 
84119, 83973, 70371, 70253, 70204 or 43162 of the MDR-1 gene 
(Accession No: AC005068) a A, at a position corresponding to position 
43263 of the MDR-1 gene (Accession No: AC005068) a C or at a 
position corresponding to position 176 or 137 of the MDR-1 gene 
(Accession No: M29445 or J051 68) a T; 

(e) a polynucleotide encoding a molecular variant MDR-1 peptide, wherein 
said polypeptide comprises an amino acid substitution at position 21, 
103 or 400 of the MDR-1 polypeptide (Accession No: P08183); and 

(f) a polynucleotide encoding a molecular variant MDR-1 polypeptide, 
wherein said polypeptide comprises an amino acid substitution of N to 
D at position 21, F to S at position 103, F to L at position 103 or S to N 
at position 400 of the MDR-1 polypeptide (Accession No: P08183). 

2. The polynucleotide of claim 1, wherein the nucleotide deletion, addition and/or 
substitution result in altered expression of the variant MDR-1 gene compared 
to the corresponding wild type gene. 

3. A vector comprising the polynucleotide of claim 1 or 2. 
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4. The vector of claim 3, wherein the polynucleotide is operativeiy linked to 
expression control sequences allowing expression in prokaryotic or eukaryotic 
cells. 

5. A host cell genetically engineered with the polynucleotide of claim 1 or 2 or the 
vector of claim 3 or 4. 

6. A method for producing a molecular variant MDR-1 protein or fragment thereof 
comprising 

(a) culturing the host cell of claim 5; and 

(b) recovering said protein or fragment from the culture. 

7. A method for producing cells capable of expressing a molecular variant MDR- 
1 gene comprising genetically engineering cells with the polynucleotide of 
claim 1 or 2 or the vector of claim 3 or 4. 

8. A MDR-1 protein or fragment thereof encoded by the polynucleotide of claim 1 
or 2 or obtainable- by the method of claim 6 or from cells produced by the 
method of claim 7. 

9. An antibody which binds specifically to the protein of claim 8. 

10. The antibody of claim 9 which specifically recognizes an epitope containing 
one or more amino acid substitution(s) as defined in claim 1 or 2. 

11. A nucleic acid molecule complementary to a polynucleotide of claim 1 or 2. 

12. A nucleic acid molecule capable of specifically recognizing and cleaving the 
polynucleotide of claim 1 or 2. 

13. A vector comprising the nucleic acid molecule of claim 1 1 or 12. 
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14. A transgenic non-human animal comprising at least one polynucleotide of 
claim 1 or 2 or the vector of claim 3 or 4. 

15. The transgenic non-human animal of claim 14 further comprising at least one 
inactivated wild type allele of the MDR-1 gene. 

16. The transgenic non-human animal of claim 14 or 15, which is a mouse or a rat. 

17. A method of identifying and obtaining an MDR-1 inhibitor capable of 
modulating the activity of a molecular variant of the MDR-1 gene or its gene 
product comprising the steps of 

(a) contacting the protein of claim 8 or a cell expressing a molecular variant 
MDR-1 gene comprising a polynucleotide of claim 1 or 2 in the 
presence of components capable of providing a detectable signal in 
response to drug transport, with a compound to be screened under 
conditions to permit MDR-1 mediated drug transport, and 

(b) detecting the presence or absence of a signal or increase of a signal 
generated from the drug transport, wherein the presence or increase of 
the signal is indicative for a putative inhibitor. 

18. The method of claim 17 wherein said cell is a cell of claim 5, obtained by the 
method of claim 7 or is comprised in the transgenic non-human animal of any 
one of claims 14 to 16. 

19. A method of identifying and obtaining an MDR-1 inhibitor capable of 
modulating the activity of a molecular variant of the MDR-1 gene or its gene 
product comprising the steps of 

(a) contacting the protein of claim 8 with a first molecule known to be 
bound by MDR-1 protein to form a first complex of said protein and said 
first molecule; 

(b) contacting said first complex with a compound to be screened; and 

(c) measuring whether said compound displaces said first molecule from 
said first complex. 
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20. The method of claim 19, wherein said measuring step comprises measuring 
the formation of a second complex of said protein and said compound. 

21. The method of claim 19 or 20, wherein said measuring step comprises 
measuring the amount of said first molecule that is not bound to said protein. 

22. The method of any one of claim 19 to 21 wherein said first molecule is 
Verapamil, Valspodar, Cyclosporin A or dexniguldipine. 

23. The method of any one of claims 19 to 22 wherein said first molecule is 
labeled. 

24. A method of diagnosing a disorder related to the presence of a molecular 
variant of the MDFM gene or susceptibility to such a disorder comprising 

(a) determining the presence of a polynucleotide of claim 1 or 2 in a sample 
from a subject; and/or 

(b) determining the presence of a protein of claim 8. 

25. The method of claim 24, wherein said disorder is cancer. 

26. The method of claim 24 or 25 comprising PGR, ligase chain reaction, 
restriction digestion, direct sequencing, nucleic acid amplification techniques, 
hybridization techniques or immunoassays. 

27. The method of any one of claims 24 to 26, further comprising administering to 
a subject a medicament to abolish or alleviate said disorder. 

28. The method of any one of claims 24 to 27, further comprising introducing 

(i) a functional and expressible wild type MDR-1 gene or 

(ii) a nucleotide acid molecule of claim 11 or 12 or the vector of claim 13 
into cells. 

29. A method for the production of a pharmaceutical composition comprising the 
steps of the method of any one of claims 17 to 23; and 
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(c) synthesizing and/or formulating the compound identified and obtained in 
step (b) or a derivative thereof in a pharmaceutical^ acceptable form. 

30. A method for the preparation of a pharmaceutical composition comprising 
formulating a drug or pro-drug in the form suitable for therapeutic application 
and preventing or ameliorating the disorder of the subject diagnosed in the 
method of claim 24 or 25. 

31 . The method of claim 29 or 30 wherein said compound drug or prodrug is a 
derivative of a medicament as defined in claim 27. 

32. An inhibitor identified or obtainable by the method of any one of claims 17 to 

23. 

33. The inhibitor of claim 32 which binds specifically to the protein of claim 8. 

34. Use of an oligo- or polynucleotide for the detection of a polynucleotide of claim 
1 or 2 and/or for genotyping of individual MDR-1 alleles. 

35. The use of claim 34 wherein said polynucleotide is a polynucleotide of claim 1 
or 2 or a nucleic acid molecule of claim 1 1 or 12. 

36. The use of claim 34 wherein said oligonucleotide is about 15 to 50 nucleotides 
in length and comprises the nucleotide sequence of any one of SEQ ID NOS: 
1 to 179 or a wild type ("wt")- or mutated ("mut")-sequence of the promoter or 
of an exon of the MDR-1 gene depicted in Table 8 or a complementary 
sequence of any one of those. 

37. A primer or probe consisting of an oligonucleotide as defined in claim 36. 

38. Use of an antibody or a substance capable of binding specifically to the gene 
product of an MDR-1 gene for the detection of the protein of claim 8, the 
expression of a molecular variant MDR-1 gene comprising a polynucleotide of 
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claim 1 or 2 and/or for distinguishing MDR-1 alleles comprising a 
polynucleotide of claim 1 or 2. 

39. A composition comprising the polynucleotide of claim 1 or 2, the vector of 
claim 3 or 4, the host cell of claim 5 or obtained by the method of claim 7, the 
protein of claim 8, the antibody of claim 9 or 10, the nucleic acid molecule of 
claim 11 or 12, the vector of claim 13, the inhibitor of claim 32 or the primer or 
probe of claim 37. 

40. The composition of claim 39 which is a diagnostic or a pharmaceutical 
composition. 

41. Use of an effective dose of a drug or prodrug for the preparation of a 
pharmaceutical composition for the treatment or prevention of a disorder of a 
subject comprising a polynucleotide of claim 1 or 2 in its genome. 

42. The use of 41 wherein said disorder is cancer or a neuronal, CNS or 
cardiovascular disease. 

43. Use of a MDR-1 gene single nucleotide polymorphism (SNP) as a 
pharmacogenetic factor for the prediction of blood levels of a MDR-1 substrate 
and/or inducer for improvement of drug safety and efficacy, to predict and 
prevent side effects and drug interactions and/or to increase patient 
compliance. 

44. The use of claim 43, wherein the substrate and/or inducer are selected from 
anjiconvulsant/antiepileptic drugs, cardiac glycosides, immunosuppressive 
drugs, macrolid-antibiotics, or macrocyclic-antibiotics. 



45. Use of claim 43 or 44, wherein the SNP is the MDR-1 exon 26 (C3435T) SNP. 
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Figure 1a 
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Figure 1b 
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<400> 20 

tggagagctg gataaagtga c 



21 



<210> 21 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 21 

aaattgatct gttagaagcc aag 23 

<210> 22 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : synthetic 



<210> 23 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 23 

gaacagtcag ttcctatatc c 21 



<210> 24 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 24 . 

gggcaacatc agaaagatgt g 21 

<210> 25 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 



<400> 22 

actaggttta aatatacatg cac 



23 



<400> 25 

cacatctttc tgatgttgcc c 



21 
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exon 1: pos. 140837 (Accession: AC002457) 

forward sequence: reverse sequence: 

G C TCATTCGAGTAGCGGC TCT ' A G A G C C 6CTACTC G A & T G A G » 




Ml h 




wt/wt (T/T); (sample number 14 out of 24) 




forward sequence: 

C T C A T T CGAGCAGC G G C T C T T 



n 




wt/mut (T/C); (sample number 16 out of 24) 



reverse sequence: 

. A G A G C C GC THC T CGAATG&GC 

n 




f\¥ A 




exon 2: pos. 141530 (Accession: AC002457) 



forward sequence: 



reverse sequence: 



CT TCAG GT C G G G A T G GAT C T TGA CAAO&TCCAT C CC G A C CT GAi 

n ft 




u AM It 




wt/wt (G/G) (sample number 1 1 out of 24) 




forward sequence: reverse sequence: 

CTTCAGGTCGG1TATGGA7CTTGA CAAGATCCATITCC £ A C CTGAJ 



i 

\ 




r 



wt/mut (G/A) (sample number 3 out of 24) 




Figure 2 
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exon 2: pos. 141590 (Accession: AC002457) (A61G, protein level: N21D, Accession: P08183) 



forward sequence: reverse sequence: 

a a a c t 6aacftE.TA.aaao g t a t a c ct tttat iciTcuciiiti 




y Aa) V\a/1aaAam iaa 



^ .A L-A- ;W A /U J I i -.a 
wt/wt (A/A) (sample number 2 out of 103) 





W V P 

A A i 




forward sequence: reverse sequence: 

I A A C TGAAC H A T A A & A G OTA TAC CT TTTAT TGTTCAGTTTAi 




ft 




A. A 




wt/mut (A/G) (sample number 9 out of 103) 

forward sequence: reverse sequence: 

ft A A C T G A A C GATAAAAG G T A TAC CTTTTAT CGTTCAGT T T A 2 



w 1 





mut/mul (G/G) (sample number 42 out of 103) 




find jifu 

IS™ 




exon 5: pos. 171466 (Accession: AC002457) 



forward sequence: 



G A C ATAAATG GTAT G T TT GTT1 




wt/wt (G/G) (sample number 46 out of 48) 



reverse sequence: 

AACAAACATAC 



ATTTATGTC1 



A A 



a I V VA 



v/u/ 




Figure 2 (continued) 
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forward sequence: reverse sequence: 

&aCAT&&AT6 GUI 6T TT. & 7 ! AACAAACATACCATTTATGTC 




wt/mut (G/T) (sample number 15 out of 48) 



forward sequence: reverse sequence: 

AGACATAAATGTTATGTTTGT AAACATAACATTTAT G T C ' 




exon 6: pos. 175068 (Accession: AC002457) 



forward sequence: forward sequence: 

TAAGCAGCAACAATGT C GT GTGC TAAGCAGCAACAAT GTC GT GT G C 




wt/wt (C/C) (sample number 23 out of 24) wt/mut (C/T) (sample number 1 6 out of 24) 



forward sequence: 

AGCAGCAATAATGTC GTGT 




mut/mut (T/T) (sample number 23 out of 24) 



exon 11: pos.101 (Accession: M29432, JOS 168) (Gl 199A, protein level: S400N, Accession: P08183) 



forward sequence: reverse sequence: 

TTCACT T CAGTTAC C CAT C ATGGGTAAC TGAAGTGAA 




wt/wt (G/G) (sample number 06 out of 24) 



Figure 2 (continued) 
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forward sequence: reverse sequence: 

T C A C T T C A G T T A C C CAT C AT G G G T A A 

ill 




MM 1 i 




wt/mut (G/A) (sample number 04 out of 24) 

exon 12: pos. 308 (Accession: AC005068) (C1236T; protein level: G412G, Accession: P08183) 
forward sequence: reverse sequence: 

CT T G A A G G G C C T G A A C C T G A CAGGTTCAGGC CC T T C A A G A ' 

n 





www 




wt/wt (C/C) (sample number 20 out of 24) 



forward sequence: 

TCTTGAAGGGHCTGAAC C T G 



reverse sequence: 

fCAG GTTCAGHCCCT TCAAG fi 





r 



, fV v v 



wt/mut (C/T) (sample number 07 out of 24) 
forward sequence: 

CTTGAAGGGTCT GAAC CT 




reverse sequence: 

GG T TCAGAC C CT TCAAG 



i v 



i u=w \ f — c: 



, AAA*" I MA PA a 



mut/mut (T/T) (sample number 02 out of 24) 
exon 12: pos. 83946 (Accession AC005068) 
forward sequence: 

TCA GCA GTCACAT T G C A • CAGCAGT1TACAT TGCAC 



forward sequence: 




ft a I N 

m^lMMmm 



wt/wt (C/C) (sample number 13 out of 24) 



i i i l 




wt/mut (C/T) (sample number 07 out of 24) 



Figure 2 (continued) 
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exon 17: pos. 78170 (Accession: AC005068); forward sequence, wt/wt: T/T 
reverse sequence: reverse sequ ence : 

CAAA&ATTA ^TfiftftGCAATA ICAAAAATTHGTAAliSGHAf 

n 




wt/wt (A/ A) (sample number 01 out of 24) 



V | w v/ v \/V\ 

■A 





wt/mut (A/T) (sample number 13 out of 24) 



reverse sequence: 

C A A A A A T T T G T A A A G G A A T A 



W\4 




mut/mut (T/T) (sample number 08 out of 24) 



exon 26: pos. 176 (Accession: M29445, J05168) (C3435T; protein level: II 1451, Accession: P08183) 
forward sequence: forward sequence: 

JAAGAGATC G T G A G G G 5AAGAGATK6TGAS&&C 

n n 




AAa. 




I 

J ! 



AX Qxi A 



wt/wt (C/C) (sample number 14 out of 24) 
forward sequence: 

AAGAGATT GTGAG G GCA ( 



wt/mut (C/T) (sample number 18 out of 24) 




a, n n l 

A L i.t 






mut/mut (T/T) (sample number 03 out of 24) 



Figure 2 (continued) 
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PCR fragment exon 2 (26lbp) 



primer: wt 



mut 



wt mut wt mut wt mut 100 bp udder 



sample: 




300bp 
200bp 



FCR fragment exon 5 (I80bp) 



primer: wt mut 



wt 



mut 



wt mut 



100 bp ladder 




sample: 




200bp 
lOObp 



mut/ mut 



neg. contr. 



Figure 3 



